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The  leading  purpose  of  this  volume  was  determined  by  the  follow- 
ing enactment,  being  section  1,  chapter  121,  of  the  Laws  of  1876 : 

"  77i«  people  of  the  State  of  Wisconsin^  represented  in  Senate  and  Aaserriblyy 
do  enact  as  follows:  Section  1.  That  in  the  preparation  of  his  final  report,  the 
chief  geologist  be,  and  he  is  hereby  authorized  to  collate  the  general  geology  and 
the  leading  facts  and  principles  relating  to  the  material  resources  of  the  State, 
together  with  practical  suggestions  as  to  the  methods  of  detecting  and  utilizing 
the  same,  so  as  to  constitute  the  material  for  a  volume  suited  to  the  wants  of 
explorers,  miners,  land  owners,  and  manufacturers,  who  use  crude  native  prod- 
ucts, and  to  the  needs  of  the  schools  of  the  State,  and  the  masses  of  intelligent 
people  who  are  not  familiar  with  the  principles  of  geology;  said  volume  to  be 
written  in  clear,  plain  language,  with  explanations  of  technical  terms,  and  to  be 
properly  illustrated  with  maps  and  diagrams,  and  to  be  so  arranged  as  to  consti- 
tute a  key  to  the  more  perfect  understanding  of  the  whole  report." 

To  subserve  the  purposes  thus  legally  defined,  the  volume  will  be 
found  to  consist  of  three  distinct  portions ;  Part  I,  embracing  the 
General  Otology  of  the  State,  with  explanatory  matter ;  Part  II, 
consisting  of  lists  of  the  minerals,  rocks  and  life-products  of  the 
State,  with  descriptions  and  auxiliary  discussions;  and  Part  III, 
embracing  industrial  descriptions  and  practical  suggestions  with 
reference  to  the  leading  natural  resources  of  the  State. 

In  Part  I,  an  attempt  has  been  made  to  meet  the  somewhat  diffi- 
cult requirement  imposed  by  "  the  needs  of  the  schools  of  the  State, 
and  the  masses  of  intelligent  people  who  are  not  familiar  with  the 
principles  of  geology."  The  method  chosen  as  seemingly  best 
adapted  to  accomplish  this  was  that  of  a  simple  narration  of  the 
geological  growth  of  the  State.  In  tracing  the  processes  of  that 
growth,  nearly  all  the  essential  principles  of  geological  science  fall 
under  consideration,  and  may  be  studied  in  thev^  vital  connection 
with  geological  history.  To  avoid  the  narrowness  which  a  strict 
limitation  to  the  confines  of  the  State  would  involve,  the  selection^ 
and  presentation  of  matter  has  been  made  with  constant  reference 
to  its  broader  relations,  and  the  deficiencies  of  the  Wisconsin  series 
have  been  supplied  by  refei-ence  to  the  geological  development  of 
other  regions,  so  that  it  is  hoped  that  the  whole,  while  especially 
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adapted  to  a  limited  region  only,  will  be  fonnd  to  present  a  fair 
synopsis  of  geological  history.  There  is  perhaps  even  some  advan- 
tage, as  regards  definiteness  and  precision,  in  tracing  the  growth  of 
a  single  typical  area,  especially  one  so  admirably  adapted  to  the 
purpose  as  our  own,  rather  than  attempting  a  sketch  of  universal  or 
even  continental  geology,  since  at  present  our  knowledge  of  large 
portions  of  these  wider  fields  is  too  incomplete  to  admit  of  a 
detailed  tracing  of  the  stages  of  growth,  and  too  complicated  to  be 
easily  described  and  readily  conceived. 

In  the  execution  of  the  plan,  regard  has  been  had  to  the  conven- 
ience of  the  general  reader,  as  well  as  to  the  class-room  student. 
The  latter  will  possibly  miss  the  customary  artificial  form  of  a  text- 
book, but  it  is  hoped  he  will  not  regret  it.  It  is  possible  to  destroy 
the  vitality  of  a  subject  by  dismembering  it,  and  reducing  it  to 
formal  definitions.  Worse  than  this,  it  is  possible  to  convey  an  arti- 
ficial  and  even  a  false  impression  of  the  subject,  rather  than  the 
true  and  natural  one,  by  enforced  system  and  rigid  formalism  in  its 
presentation. 

In  the  endeavor  to  make  the  current  of  thought  clear,  the  attempt 
has  been,  not  so  much  to  shallow  the  stream,  as  to  clarify  the 
waters ;  with  what  success,  the  reader  must  judge. 

Those  portions  of  the  subject  which  relate  to  the  origin  and  pecul- 
iarities of  the  geographical  features  of  the  State,  are  commended 
to  teachers  as  furnishing  subject-matter  for  oral  instruction  auxiliary 
to  the  text-book  study  of  State  geography. 

Part  n  is  intended  as  a  measurable  contribution  to  studies  in 
Natural  History,  in  the  broad  sense  of  that  term,  embracing  miner- 
als and  rocks,  as  well  as  plants  and  animals.  The  catalogues  will 
serve  as  convenient  check  and  reference  lists  for  students  and  col- 
lectors, while  they  represent,  in  greater  or  less  fullness,  the  ampli- 
tude of  Wisconsin's  native  productions.  It  is  not  presumed  that 
any  of  the  lists  are  entirely  complete.  It  is  quite  impossible  to 
make  them  so  at  once.  But  an  almost  necessary  step  in  that  direc- 
tion is  the  publication  and  wide  distribution  of  such  catalogues, 
which  may  serve  as  bases  for  additions  by  numerous  local  observers 
and  collectors,  by  whose  aid  some  approach  to  completeness  may,  in 
time,  be  secured. 

The  preparation  of  such  lists,  being  an  incidental,  rather  than  a 
specific,  function  of  the  Survey,  has  been  largely  the  gratuitous  con- 
tribution of  the  authors,  and  merits  a  hearty  recognition  of  their 
generosity.  Beside  the  value  of  the  lists  as  such,  the  descriptions 
and  economic  suggestions  and  discussions  which  accompany  them, 
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and  in  some  cases  form  the  main  contribution,  possess  an  intrinsic 
value  of  their  own. 

Part  III  is  designed  to  furnish,  in  a  convenient  and  compact 
form,  such  immediately  practical  information  as  may  be  serviceable 
in  detecting  and  utilizing  native  resources.  The  intelligent  public 
has  learned  from  the  remarkable  developments  that  have  in  recent 
years  sprung  from  what  were  at  first  regarded  as  purely  scientific 
facts  and  principles,  without  so-called  practical  utility,  that  the  high- 
est real  value  often  inheres  in  a  full  and  exact  development  of  truth, 
regardless  of  immediate  apparent  value,  for  the  deeper  values  cannot 
usually  be  foreseen.  Yeji  this  does  not  remove  the  need  for  informa- 
tion more  directly  and  immediately  relating  to  the  utilization  of 
native  products.  The  chapters  of  this  part  are  to  be  taken  in  con- 
nection with  the  ampler  descriptions  of  the  resources  to  which  they 
relate  in  the  body  of  the  report. 

The  typical  fossils  of  Wisconsin  formations  are  quite  largely 
illustrated  by  newly  prepared  figures,  the  originals  of  which  are 
mostly  to  be  accredited  to  Prof.  Whitfield,  who  is  not,  however, 
responsible  for  the  reproductions.  In  illustrating  the  life  of  eras 
not  represented  in  Wisconsin  formations,  but  essential  to  a  con- 
nected sketch  of  geological  progress,  a  considerable  number  of 
figures  have  been  reproduced  from  the  excellent  works  of  Dana 
and  Le  Conte,  to  whom  acknowledgments  are  due.  A  few  have 
been  chosen  from  other  accredited  sources.  The  figures  of  birds, 
introduced  to  illustrate  the  types  of  the  several  families,  are  mainly 
from  the  admirable  work  of  Baird,  Brewer  and  Eidgway.  The 
mechanical  execution  of  the  above  is  to  be  accredited  to  the  Levy- 
type  Co.  of  Chicago. 

The  table  of  contents  and  index  have  been  prepared  by  Mr.  R.  D. 
Salisbury,  who  has  also  rendered  much  other  assistance  in  the 
preparation  of  the  report. 

The  excellent  mechanical  appearance  of  the  work  stands  to  the 
credit  of  the  printer  and  lithographers  whose  signatures  appear  on 
a  preceding  page. 

The  hearty  thanks  of  the  members  of  the  Survey  are  again  ten- 
dered to  all — and  their  name  is  legion  —  who  have  so  kindly  and 
generously  assisted  in  numberless  ways  in  the  prosecution  of  the 
work. 

There  arises  here,  also,  a  sad  remembrance  of  losses.  Four  names 
are  sorrowfully  recalled  and  again  recorded  in  deferential  regard  — 
Lapham,  Eaton,  Strong  and  Nicodemus. 
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And  now,  as  with  this  first  whioh  has  become  last,  I  lay  down, 
with  inexpressible  relief,  the  burden  of  this  work,  which  has,  not- 
withstanding, been  largely  a  labor  of  love,  I  have  greatly  to  regret 
its  imperfections,  of  which  no  one  can  be  more  painfully  conscious 
than  myself.    Such  as  it  is,  it  is  presented  to  the  magnanimity  of  a 

generous  people. 

T.  0.  0. 
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CHAPTER  I. 

CHEMICAL  GEOLOGY. 

The  law  of  publication  directs  that  in  the  preparation  of  this 
volume  such  explanation  of  the  technical  terms  and  elementary  prin- 
ciples of  the  science  shall  be  made,  as  will  conduce  to  the  more  per- 
fect understanding  of  the  whole  report,  and  thus  adapt  it  to  the  use 
of  students.  It  is  the  purpose  of  this  chapter  to  conform  to  this 
requirement  in  respect  to  the  chemistry  of  geology.  The  law  man- 
ifestly does  not  contemplate  a  systematic  discussion  of  chemical 
geology,  but  only  such  a  selection  and  brief  treatment  of  topics  as 
will  be  helpful  to  intelligent  readers  who  have  no  technical  knowl- 
edge of  the  subject. 

I.  Chemical  !N'omenclature 

We  are  unfortunate  in  living  in  an  age  of  transition  from  one 
system  of  chemical  philosophy  and  of  naming,  to  another.  In 
nearly  or  quite  all  our  schools,  the  new  system  is  in  use,  so  that  re- 
cent students  and  professional  chemists  are  more  familiar  with  its 
terms  than  with  those  of  the  old  system,  while  on  the  other  hand, 
the  great  majority  of  citizens  who  have  some  knowledge  of  the  sci- 
ence, as  well  as  many  scientists  devoted  to  other  departments,  whose 
knowledge  of  chemistry  was  acquired  some  years  since,  are  more 
accustomed  to  the  terms  of  the  old  philosophy.  The  diiferences  be- 
tween the  two  systems,  however,  are  not  such  as  to  make  it  difficult 
for  those  schooled  in  the  one  to  understand  the  terms  of  the  other, 
so  far  as  there  is  occasion  to  use  them  in  general  geology.  It  being 
the  purpose  of  these  reports  simply  to  convey  geological  informa- 
tion, and  not  to  foster  any  chemical  theory,  those  terms  are  used 
which,  on  the  whole,  seem  best,  without  much  regard  to  any  rigid 
system  of  chemical  names,  new  or  old.  In  some  cases  even,  the  new 
and  the  old  names  are  used  alternately,  or  indifferently,  in  the  same 
discussion,  implying  in  passing,  the  equivalency  of  the  terms,  and 
the  leading  difference  in  the  style  of  naming.  In  some  cases,  terms 
are  used,  for  the  sake  of  easy  understanding,  that  do  not  strictly  be- 
long to  either  system,  as  in  speaking  of  carbonate  of  Urae  (old  sys- 
tem), the  term  U7)ie  carbonate  is  used,  whereas,  in  strictness,  the 
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term  under  the  new  system  should  be  calcium  carbonate  or  calcic 
carbonate. 

The  most  apparent  difference  between  the  old  and  the  new  meth- 
ods of  naming  may  be  indicated  by  citing  a  simple  example,  as  for* 
instance,  carbonate  of  soda  of  the  old  system  becomes  sodium  car- 
bonate, or  sodic  carbonate,  in  the  new.  It  would  be  quite  superficial 
to  suppose  that  this  constitutes  any  essential  part  of  the  real  differ- 
ence between  the  old  and  the  new  chemical  philosophy,  but  it  is 
about  the  extent  to  which  it  affects  geological  discussions,  as  the 
ultimate  chemical  theories  do  not  affect  geological  reasoning.  Be- 
low is  given  a  comparative  list  of  the  leading  terms  used  in  these 
reports,  which  will  obviate  the  necessity  of  further  explanation. 

OXIDES. 

New  System,  Old  System. 

Ferrous  oxide Protoxide  of  iron. 

,7^,.^  ^^;a^  j  Peroxide  of  iron. 

Feme  oxide j  Sesquioxido  of  iron.    . 


Dicupric  oxide 
Cuprous  oxid 
Cupric  oxide 


cuprbusoxido ::::::::;::::::::;::::::;::::::  r"'^'^'***''*^pp"' 


■  Peroxide  of  lead. 
Silica. 


c^:s;^;::::::;;:::;::;::::::::;;:::::;:  ^-^«<>^  <^pp^^- 

Ziucic  oxide I  Oxide  of  zinc. 

Zinc  oxide \ 

Plumbic  oxide /  Oxide  of  lead. 

Lead  oxide f  Protoxide  of  lead. 

Plumbic  dioxide 

Lead  dioxide 

Silicic  oxide _ 

Silicon  oxide ) 

Aluminic  oxide Alumina. 

Potassic  oxide Potassa. 

Sodic  oxide ." Soda. 

Magnesic  oxide Magnesia. 

c^^i«o^<i« loisL. 

Etc Etc 

SULPHIDES. 

Dihydric  sulphide )  Sulphide  of  hydrogen. 

Hydrogen  sulphide [  Sulphuretted  hydrogen. 

asSS§^'"::::::::::::::::::::::::::::  8'^p"<^«<>'^«^• 
i5flr*iSiS^d^''!:::::::::::::::;::::::::::::[suipMdeofsttv^^ 

Etc Etc. 

CHLORIDES. 

KSe'"cworide:::::::::::::::::::::::::::}Hy^^^^ 
gaciSm^?oride:::::::::::::::::::::::::::::H 

Etc Etc. 
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SULPHATES. 

New  System,  Old  System. 

Dihydrio  sulphate Sulphuric  acid. 

Ferrous  sulphate Protosulphate  of  iron. 

Ferric  sulphate  . . . . : Sosquisulphate  of  iroD« 

Sp^Srfc::::::::::::::::::::::^ 

w^Vha?.^^.::::::::::::::::::::::::::::h'^p'>'^*«^ 
J^SiSA'ptai;::;::::;:-::::;:::::::::::  Umphateof  magnesia. 
B^srittte:::::::::::::::::::::::::::::lsuip'-te  of  baryta. 

Etc Etc. 

CARBONATES. 

Calcic  carbonate )  /i„,K«„„t^  „#  i5„^ 

Calcium  carbonate [  Carbonate  of  lime. 

^^^S?to^te\-:::::::::::::::::::::::[car'^'«**««' •-««-««>»• 
iSc"^b^tte*^:::::::::::::::::::::::::::::K'-»«-*«<>'^- 

w^^^"*'".:::::::::;:;;::::::::::::::  ca''"'"*'**' '"^ 

Sodic  carbonate [  no^K^^o*^  rv*  ^^^^ 

Sodium  carbonate [  Carbonate  of  soda. 

Etc Etc. 

SILICATES. 

Ferrous  silicate )  q-t    j.     ^» 

Iron  silicate ................A^'^'^^'**  "^"^ 

Aluminic  silicate i  aji{„„4.„  „*  „i„^!„„ 

Aluminum  silicate ^  Silicate  of  alumma. 

s^um"Ste::;::::::::::::::::::::::::::::  Silicate  of  soda. 

K-iuS-te:::::::::::::::::::::::::::h"^-^<''-^-^ 
SiSSS^te::::::::::::::::::::::::::::::  s"^-t« «' "-- 

Cupric  silicate )  o-i*     i.      £ 

Copper  silicate ^  Silicate  of  copper. 

Etc Etc 

PHOSPHATES. 

odc1^'^sfc:::::::::::::::::::::::::::jp'^-p''-t««f"-- 
KSi^^thS^ptaie::::::::::::::::::::::::[pi>-pi>«'teo^ 

Etc Etc. 

II.    Chemical   Constitution   of  tue   Earth's   Crust.     (Chemical 

Geognosy.) 

Only  a  very  few  chemical  elements  play  important  parts  in  rock 
formation,  and  the  student  and  general  reader  will  find  it  an  easy 
task  to  acquire  such  a  knowledge  of  the  leading  characters  and 
affinities  of  these,  as  will  be  very  helpful,  without  attempting  to 
master  the  intricacies  and  obscurities  which  more  profound  study 
involves. 
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Chemical  Elements  of  liocJcs,  The  following  elements  constitute 
nearly  the  entire  rock  substance  of  the  State,  and,  indeed,  of  the 
earth's  crust :  Oxygen,  silicon,  aluminum,  calcium,  magnesium,  iron, 
carbon,  sodium,  potassium,  hydrogen  and  sulphur.  To  these  are  to 
be  added,  more  because  of  their  value  than  their  abundance,  lead, 
zinc,  copper,  manganese,  gold,  silver,  chlorine,  iodine,  bromine, 
lithium  and  titanium.  A  number  of  others  occur  in  small  quanti- 
ties. Probably  nearly  or  quite  all  of  the  remaining  known  elements 
occur  in  infinitesimal  amounts. 

Native  Elements,  Only  a  few  of  these  substances  occur  in  the 
simple  elementary  state. 

Carbon,  native  copper,  silver,  gold  and  sulphur  occur  in  the  State, 
but,  however  interesting  on  account  of  their  valuable  properties, 
they  make  up  a  very  insignificant  portion  of  the  earth's  crust.  It 
is  mainly  in  the  form  of  compounds  that  chemical  substances  enter 
into  the  earth's  constitution.  It  will,  therefore,  be  more  serviceable 
to  consider  these  compounds  than  to  dwell  upon  the  character  of  the 
elements  as  such. 

Simple  Compounds,  By  the  union  of  elements,  simple  compounds 
are  fonned.  Thus  any  of  the  above  elements,  united  with  oxygen, 
constitutes  an  oxide^  and  is  named  according  to  the  element  so  unit- 
ing. Thus  sodium,  uniting  with  oxygen,  forms  sodium  oxide 
(oxide  of  sodium  or  soda^  old  style).  A  similar  combination  with 
sulphur  constitutes  a  sulphide^  as  lead,  uniting  with  sulphur,  forms 
Uad  sulphide^\\\\\c\i  is  the  common  lead  ore,  galena.  Of  the  simple 
compounds,  the  oxides  are  by  far  the  most  important.  Among 
them,  the  geologically  leading  ones  are  silicic  oxide^  or  silica;  ahi- 
minic  oxide,  or  alumina;  calcic  oxide,  or  li/n^;  magnesic  oxide, 
or  magnesia;  iron  (ferric  ov  ferrous)  oxide,  potassi^  oxide,  ot  potash, 
sodic  oxide,  or  soda,  carhonic  dioxide  or  carbonic  acid,^ 

Of  these,  silica  is  familiar  in  the  form  of  quartz,  and  common 
•  quartzose  sand,  and  does  not  need  further  discussion  here,  than  to 
remark  that  chemically  it  is  an  acid,  though  lacking  the  sensible 
acid  properties.  Alumina  is  the  essential  constituent  of  corundum, 
sapphire,  ruhy  and  emery.  It  is  better  known  to  us  as  the  basic  in- 
gredient of  clay,  in  w^hich  it  'S  united  with  silica,  forming  aluminum 
silicate.  Lime  (calcium  oxide)  is  familiarly  known  as  common 
quick-lime,  though  in  reality  the  quick-lime  used  in  Wisconsin,  with 
very  few  exceptions,  is  a  combination  of  lime  and  magnesia,  being 

1  In  the  strictest  sense  this  is  not  regarded  as  an  acid  except  in  combination 
with  water. 
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usually  made  up  of  about  one  part  of  calcium  oxide  to  one  of  mag- 
nesium  oxide^  and  so  illustrates  at  once  the  character  of  both  oxides. 
Ferric  oxide  is  even  more  familiar  in  the  form  of  iron  rust,  in  which 
it  is  usually  combined  with  water.  Soda  and  potash  are  familiar  in 
name,  but  the  substances  so-called  are  usually  compounds  of  the 
oxides  with  carbonic  acid.  Caustic  potash  and  soda  are  compounds 
of  the  simple  oxides  of  potassium  and  sodium,  with  water.  Car- 
honic  acid  is  the  common  product  of  combustion  and  of  animal 
respiration. 

Of  the  foregoing  oxides,  a  portion  are  chemically  acidic^  and  the 
remainder  hasic.  To  the  former  class  belong  silica  and  carbonic  acid, 
to  the  latter,  |X)tash,  soda,  lime,  magnesia,  alumina,  and  the  iron  ox- 
ides. Potash  and  soda  are  well  known  alkalies  and  are  the  most 
basic  of  the  list.  Lime  and  magnesia  being  somewhat  alkaline,  and 
at  the  same  time  earthy,  are  styled  alkaline  earths.  Alumina  and 
the  iron  oxides  lack  sensible  alkaline  properties,  but  are  chemically 
basic,  i.  e.,  they  unite  with  acids.  Silica  is  found  in  nature  united 
with  all  these  bases,  and  carbonic  acid  with  all  except  alumina. 

Complex  Compounds.  Keeping  in  mind  the  simple  chemical  law 
that  acids  and  bases  unite  when  brought  in  contact  under  suitable 
conditions,  it  is  easy  to  see  how  more  complex  compounds  arise  from 
these. 

Carbonates,  Carbonic  acid  unites  with  the  several  bases  to  form 
a  group  of  carbonates.  Thus  carbonic  acid,  uniting  with  lime,  forms 
calcium  carbonate  (lime  carbonate  by  license);  with  magnesium  oxide 
forms  m/ignesium  carbonate;  with  potassium  oxide, potassium  carbon- 
ate; with  sodium  oxide,  sodium  carbonate;  with  iron  oxide,  iron  carbon- 
ate. The  iron,  sodium,  and  potassium  carbonates  form  but  very  small 
ingredients  in  Wisconsin  rocks,  but  the  calcium  and  magnesium  car- 
bonates are  very  important,  constituting  the  mass  of  our  limestone 
series. 

Silicates,  In  a  similar  way,  silica  unites  with  the  basic  oxides  to 
form  silicates.  It  may  do  this  in  a  simple  way,  as  in  the  case  of  car- 
bonic acid  combining  with  potassium  oxide,  to  form  sl  potassium  sili- 
cate, as  in  the  manufacture  of  common  glass ;  or  with  sodium  oxide, 
to  form  a  sodiuyn  silicate,  as  in  soda  glass;  or  with  lime,  to  form  cal- 
cium silicats,  as  in  the  mineral  woUastonite ;  or  with  magnesia,  to 
form  magnesium  silicate,  as  in  enstatite;  or  with  alumina,  to  form 
aluminum  silicate,  as  in  andalusite. 

But,  unfortunately  for  simplicity,  silica  has  the  habit  of  combin- 
ing with  two  or  more  of  these  bases  jointly.  Thus  it  unites  with 
alumina  and  potash  together  to  form  an  aluminum-potassium  sili- 
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cate^  as  in  orthoclase  feldspar :  with  alumina,  soda  and  lime,  to  form 
a  soda-lime  fddspar^  as  oligoclase;  with  alumina,  lime,  magnesia  and 
iron,  conjointly,  to  form  an  aluminarlime'magnesia-iron  silicaU^ 
as  in  the  mineral  augite,  and  so  on  through  a  very  complex  series  of 
silicates.  The  details  are  many  and  confusing,  but  it  is  not  difficult 
to  understand  the  general  method  of  formation,  which  is  the  com- 
bination of  silica  with  the  several  bases  in  varying  numbers  and 
ratios,  and  this  general  notion  will  be  helpful. 

Bocks  classified  chemically. —  Gathering  up  these  facts,  it  appears 
that  the  great  mass  of  the  rocks  of  the  state  fall  easily  into  three 
classes. 

1st.  The  simple  oxides.  Of  these,  silica  in  the  form  of  quartz  and 
quartzose  sand  is  the  great  example.  Under  this  head  also  fall  most 
of  the  iron  ores. 

2d.  The  carbonates.  These  are  either  carbonates  of  lime  simply, 
or  of  lime  and  magnesia  combined.  Our  limestones  and  dolomites 
are  familiar  examples. 

3d.  The  silicates.  These  are  formed  by  the  (usually  complex) 
union  of  silica  with  lime,  magnesia,  potash,  soda,  iron,  alumina  and 
other  bases.  Some  other  acid  occasionally  replaces  a  part  of  the 
silica. 

TTie  Sulphides.  Wliile  the  above  form  a  very  large  percentage  of 
the  earth's  material,  a  few  subordinate  classes  need  mention.  Just 
as  oxygen  unites  with  various  elements  to  form  oxides,  so  sulphur 
combines  with  certain  of  them  to  form  sidphides,  of  which  lead 
suiphide,  or  common  galena,  2in<;  sulj)hide^  or  zinc  blend3,  iron  (hi)- 
sxdphide^  or  iron  pyrites,  and  copper4ron  sxdphide^  or  copper  pyrites, 
are  common  examples.  In  these  cases  the  compound  is  formed 
simply  by  the  union  of  the  metal  and  sulphur,  atom  to  atom,  except 
in  the  bisulphides,  where  there  are  two  atoms  of  sulphur  to  one  of 
the  metal. 

Sulphates  and  phosphates.  Again,  just  as  carbonic  acid  and  silicic 
acid  (silica)  combine  with  the  alkalies  and  alkaline  earths,  to  form 
carbonates  and  silicates,  so  sidphuric  and  phosphoric  acids  may 
unite  with  the  same  to  form  sidphates  and  phosphates.  Of  the 
former,  we  have  examples  in  gypsum  (lime  sulphate)  and  heavy 
spar  (barium  sulphate)^  and  of  the  latter  in  the  lime  pliof^phatc  of 
certain  fossils. 

III.     Chemical  AcnviriES.     (Chemical  Geogony.) 

The  foregoing  relates  to  the  chemical  constitution  of  the  earth's 
material  (chemical  geognosy).    But  if  we  inquire  into  the  chemical 
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activities  (chemical  geogony)  that  have  taken  part  in  the  history  of 
its  formation,  we  enter  upon  a  wider  and  more  difficult  field,  one 
which  embraces  the  known  domain  of  chemistry,  and  stretches  on 
iuto  the  unknown  region  beyond.  A  full  or  systematic  discussion  is 
here  manifestly  impracticable,  but  it  has  seemed  best  to  gather 
together  brief  statements  of  the  principal  known  processes.  Some 
of  these  may  be  of  service  to  the  general  reader;  others  will  have 
interest  for  more  advanced  students  only. 

Oxidation.  Of  the  chemical  activities  that  have  entered  into 
geological  history,  one  of  the  leading  is  oxidation.  Throughout  the 
whole  range  of  known  time,  the  free  oxygen  of  the  atmosphere, 
penetrating  the  pores  and  fissures  of  the  earth,  or  carried  down  into 
them  by  atmospheric  waters,  has  been  continuously  uniting  with 
the  earth's  substance,  giving  it  a  higher  state  of  oxidation.  Among 
the  results  of  this  process  are  the  change  of  blue  limestones  to  buflf, 
and  of  dark  igneous  and  other  iron-bearing  rocks  to  a  rusty  color, 
by  the  higher  oxidation  of  the  iron  compounds  contained  in  them, 
which  constituted  their  chief  coloring  matter.  It  also  eflFects  the 
change  of  some  dark  rocks  to  lighter  ones,  by  the  oxygenation  of 
their  organic  coloring  matter,  also  the  change  of  metallic  sulphides 
to  sulphates,  from  which  they  usually  p:\ss  into  oxides  or  carbonates, 
as,  for  example,  the  change  of  iron  pyrites  (iron  sulphide)  to  limon- 
ite  (hydrous  iron  oxide),  of  sphalerite  (zinc  sulphide)  to  smithsonite 
(zinc  carbonate),  of  galena  (lead  sulphide)  to  cerussite  (lead  carbon- 
ate), and  of  copper  pyrites  to  azurite  or  malachite  (copper  carbonate). 

The  physical  effect  of  oxidation  is  a  change  of  texture,  usually  of 
the  nature  of  disintegration.  This  is  usually  accompanied  by  and 
gives  rise  to  other  chemical  activities,  presently  to  be  mentioned, 
which  greatly  magnify  its  results.  Considering  this  process  alone, 
the  atmosphere  is  losing  oxygen,  and  the  earth  gaining  it.  There 
are  compensating  processes,  but  it  is  doubtful  whether  they  wholly 
counteract  the  action. 

Hydration,  The  water  of  the  atmosphere  and  of  the  surface  of 
the  earth  continually  penetrates  the  crust,  and  enters  into  combina- 
tion with  its  substance  by  the  process  of  hydration.  Thus  an  iron 
ore,  or  a  ferruginous  ingredient  of  a  rock,  in  the  form  of  hematite  or 
mngnetite,  may  take  up  water  and  be  transformed  into  limonite. 
So  also  in  the  disintegration  of  crystalline  rocks  into  clays,  water  is 
an  essential  agency,  and  enters  in  large  percentage  into  the  product. 
In  many  of  the  less  familiar  changes  which  minerals  undergo, 
hydration  plays  an  important  part. 
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Solution,  A  much  more  important  agency  of  water,  as  a  geolog- 
ical instrumentality,  is  found  in  its  action  as  a  solvent.  No  rock 
substance  is  absolutely  insoluble  in  natural  water,  though  the  de- 
gree of  solubility  may  be  extremely  small.  This  incessant  and 
universal,  though  slow  process  of  solution,  has  wrought,  directly 
and  indirectly,  results  without  which  the  whole  course  of  geological 
history  would  have  been  changed.  Not  only  is  it  effective  in  the 
transportation  of  material,  but  by  bringing  different  ingredients  in 
contact,  it  has  given  rise  to  chemical  activities  that  would  otherwise 
have  been  impossible. 

Action  of  Cai^bonic  Acid.  The  agents,  oxygen  and  water,  are 
accompanied,  in  their  penetration  of  the  earth,  by  carbonic  acid, 
which,  in  connection  with  them,  is  an  efifective  geological  agency. 
Water  containing  carbonic  acid  transforms  many  of  the  simple  car- 
bonates into  bicarbonates,  at  the  same  time  taking  them  up  into 
solution.  It  has  been  remarked  that  oxygen,  attacking  the  metallic 
sulphides,  changes  them  to  sulphates.  These  being  brought  into 
contact  with  the  alkaline  and  earthy  bicarbonates,  formed  as  just 
noted,  exchange  partners,  resulting  in  metallic  carbonates  and  earthy 
sulphates.  In  this  way,  probably,  the  carbonates  of  zinc,  lead,  cop- 
per, and  other  metals,  as  also  sulphates  of  lime  and  magnesia,  are 
produced.  Carbonic  acid  likewise  attacks  many  of  the  silicates, 
effecting  their  disintegration.  The  change  of  feldspars  into  kaolin 
is  believed  to  be  mainly  due  to  this  agency.  The  extensive  disinte- 
gration of  the  silicates  of  crystalline  rocks,  which  is  so  important  a 
process  in  the  degradation  of  the  ancient  formations,  and  in  the 
production  of  material  for  later  ones,  was  probably  very  largely  due 
to  the  action  of  carbonic  acid,  associated  with  free  oxygen  in  water. 
The  microscope  reveals  the  fact  that  nearly  all  the  minerals  that 
enter  into  the  complex  constitution  of  the  crystalline  rocks  have 
suffered  change,  and  the  fact  that  carbonates — particularly  calcium 
carbonate  —  are  found  in  them,  as  a  mineral  of  secondary  forma- 
tion, clearly  points  to  carbonic  acid  as  one  of  the  agencies  of 
change. 

Action  of  Organic  Suhst^inoes,  In  the  slow  decay  which  animal 
and  vegetable  substances  undergo  through  the  agency  of  air  and 
water,  when  under  conditions  not  favorable  to  rapid  decomposition, 
a  series  of  complex  organic  acids  are  generated,  which,  as  they  are 
carried  into  the  earth,  act  chemically  upon  it.  The  precise  extent 
of  this  action  is  as  yet  undetermined.  It  is  probably  somewhat 
greater  than  has  usually  been  supposed. 
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Vtial  Chemistry.  Calcareous  Products,  The  wonderful  chem- 
istry of  organic  life  has  played  an  important  part  in  geological  his- 
tory. From  the  waters  charged  with  mineral  substances  by  the 
processes  above  indicated,  plants  and  animals  extract  lime  for 
the  construction  of  their  inorganic  parts,  and  this  they  leave  in  the 
form  of  carbonate,  phosphate,  or  fluoride  of  lime.  The  first  of  these 
is  the  great  source  of  limestone  accumulation. 

SUtcious  Products,  Some  organisms  extract  and  secrete  notable 
quantities  of  silica.  These  subsequently  take  the  form  of  flint 
nodules,  and  other  silioious  deposits. 

Metallic  Products.  Marine  plants  appear  to  have  extracted  con- 
siderable quantities  of  metallic  substances  which  became  imbedded 
with  the  sediments,  and  were  afterward  concentrated,  constituting 
one  source  of  the  lead,  zinc,  and  copper  deposits,  found  in  sediment- 
ary strata. 

Carbon  Products,  Marine  plants  likewise  extract  carbonic  acid 
from  the  atmosphere  and  from  solution  in  the  water,  and  organize 
it  into  complex  carbon  compounds,  which  on  their  death  are  left  to 
suffer  decomposition.  Through  this,  for  the  most  part,  they  return 
to  their  original  state,  and  make  no  permanent  geological  contribu- 
tion. But  when  buried  beneath  water  or  fine  sediment,  and  pre- 
vented from  speedy  decomposition,  slow  processes  of  decay  ensue, 
which  give  rise  to  extremely  important  permanent  products,  as  coal 
and  petroleum.  Vegetable  tissue,  under  these  conditions,  undergoes 
slow  oxidation,  passing  into  peat  or  lignite  coal,  and  thence  by  fur- 
ther action  into  bituminous  coal.  Certain  other  remains  of  organic 
life,  probably  both  vegetable  and  animal,  undergo  an  analogous, 
but  Uttle  understood  process,  by  which  mineral  oil,  of  which  petro- 
leum is  the  great  example,  is  produced. 

The  organic  matter,  while  it  is  undergoing  decomjx)sition,  prob- 
ably produces  more  or  less  metallic  deposition,  by  extracting  oxygen 
from  the  minute  quantities  of  metallic  substances  held  in  solution  in 
sea-water,  and  by  converting  them  into  the  insoluble  form  of  sul- 
phides. By  their  decomposition  also,  organic  substances  give  rise 
to  sulphuretted  gases  which,  rising  through  the  water,  doubtless 
precipitate  ^  as  sulphides,  such  metallic  substances  as  they  may  meet. 

By  means  of  plant  action  and  its  products,  the  iron  of  the  soil  is 
rendered  soluble,  and  is  carried  away  with  the  under-drainage,  and, 

.  1  The  term  precipitate  is  the  common  chemical  expression  for  an  insoluble  pro- 
duct formed  from  a  solution  by  any  chemical  reagent.  The  insoluble  matter  so 
produced  falls  gradually  to  the  bottom,  and  is  hence  termed  a  precipitate,  but 
not  in  a  seDse  implying  that  the  action  is  precipitous. 
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on  being  ex|x>scd  at  length  to  oxidation  in  a  marsh,  lagoon,  or  other 
suitable  situation,  it  takes  the  form  of  an  insoluble  iron  oxide,  and 
is  dejKXsitotl,  giving  rise  to  iron  ore  beds.  This  process,  observed  to 
be  now  transj)iring,  doubtless  gave  origin,  in  the  past,  to  many,  and 
pivkbably  to  most  of  the  important  iron  deposits.  Thus  from  the 
chemistry  of  life,  there  arose  important  agencies  in  the  chemistry  of 
metallic  de{)osition. 


CHAPTER  n. 

LITHOLOGICAL  GEOLOGY. 

In  the  preceding  chapter,  it  has  been  briefly  explained  that  the 
chemical  elements,  by  uniting  in  various  ways,  give  origin  to  the 
different  substances  which  constitute  the  rocks  of  the  earth's  crust. 
But  the  chemical  forces  are  in  themselves  only  competent  to  produce 
molecules.  If  the  rock  substance  be  pictured  to  the  mind  as  left 
by  these  forces,  it  would  consist  merely  of  incoherent  particles. 

The  Union  of  Molecules  to  form  MineraU,  If  now  simple  cohe- 
sive force  is  brought  to  bear,  the  particles  become  bound  together  to 
form  a  more  or  less  solid  rock  substance,  and  if  the  chemical  sub- 
stances are  confusedly  commingled,  as  is  the  habit  of  nature  in  the 
absence  of  an  assorting  agency,  there  would  result  a  rook  of  mixed, 
udindividualized  constitution.  But  if  there  be  brought  into  play  a 
special  attraction  of  like  particles  for  each  other,  and  that  special 
form  of  cohesion  known  as  crystalline  force,  this  material  will  be 
assorted,  like  particles  will  be  gathered  together,  and  will  be  organ- 
ized into  appropriate  forms  according  to  definite  crystalline  laws. 
Such  definitely  organized  substances  constitute  minerals  in  the  spe- 
cial sense  of  the  term.  All  inorganic  substances  are  in  a  sense 
regarded  as  mineral  matter,  but  only  definite  aggregates,  which  are 
usually  crystalline,  are  considered  as  minerals  proper. 

The  Co?nhination  of  Minerals  to  form  Hocks.  The  next  natural 
step,  therefore,  in  considering  the  substances  with  which  geology  has 
to  deal,  is  the  study  of  the  minerals  which  enter  into  the  constitu- 
tion of  rocks,  or  in  other  words,  to  study  the  method  by  which 
nature  organizes  her  material,  under  the  influence  of  cohesion  and 
crystalline  forces. 

The  number  of  minerals  which  play  important  parts  in  the  struct- 
ure of  the  earth's  crust  is  not  large,  though  the  number  which  enter 
in  as  subordinate  or  occasional  ingredients  is  so  great  as  to  be  quite 
beyond  the  knowledge  of  any  but  a  professional  mineralogist.  A 
full  list  of  the  minerals  thus  far  identified  within  the  State,  prepared 
by  Professor  Irving,  will  be  found  in  Part  II  of  this  volume.  Brief 
descriptions  of  the  composition  and  characteristics  of  these  minerals 
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are  there  given,  and  to  them  reference  is  recommended  as  occasion 
may  require. 

The  Leading  Rochforming  Minerals,  The  great  bulk  of  our 
rocks  is  made  up  of  perhaps  not  more  than  a  dozen  minerals.  These 
are  qua)^^  the  feldspars  (mainly  ortJiocUiae^  oligodase  and  labrador- 
iie)^  the  micas  (muscovite  and  hiotite)^  the  amphihcles  (h<rrnblende 
and  avtijwlitej,  the  pyroxeties  (augite  and  diaUage)^  calcite  and 
dolomite.  The  following  additional  minerals  are  frequent  constitu- 
ents of  Wisconsin  rocks,  or,  for  special  reasons,  possess  interest: 
epidote^  chrysolite  or  olivine^  chlorite^  graphite^  and  sericite.  The 
following  possess  special  interest  as  metallic  ores:  1,  the  iron  ores, 
magnetite^  hematite^  limonite,pyrite;  2,  the  lead  ore,  jgaleriite;  3,  the 
zinc  ores,  sphalerite  or  "  ilendey^  smithsonite  or  "  dry  bone ;  "  4,  the 
copper  ores,  malachite^  azurite  and  cluiieopyriie. 

In  addition  to  the  descriptions  of  Dr.  Irving's  list,  above  referred 
to,  special  descriptions  of  these  ores  and  of  some  of  the  foregoing 
minerals  may  be  found  in  Vol.  II,  pp.  691  to  694  (Strong) ;  Yol. 
Ill,  pp.  600^611  (Wichmann),  and  Yol.  lY,  pp.  380-398  (Chamber- 
lin),  besides  incidentally  in  the  lithological  descriptions  of  t^ie 
several  volumes. 

The  Constitution  of  Socl's,  Aggregates  of  mineral  substances, 
whatever  their  condition,  constitute  rock  in  the  widest  sense  of  that 
term,  as  used  by  geologists.  In  a  general  way,  it  may  be  said  that 
the  union  of  atoms  constitutes  chemical  compounds,  that  the  cohe- 
sion of  chemical  comix)unds  produces  minerals  (crystalline  or  un- 
crystalline),  and  that  the  aggregation  of  minerals  constitutes  rocks. 
It  is  }x«siWe,  however,  to  obtain  an  erroneous  idea  from  this  form 
of  statement,  true  as  it  is.  In  the  uijion  of  ingredients  to  form 
chemical  comiK>ands,  and  in  the  cohesion  of  these  to  form  crystal- 
line minerals,  the  constituents  sustain  to  each  other  a  definite  ratio, 
and  the  combination  is  controlled  by  specific  laws.  But  in  the 
formation  of  rocks,  the  mineral  constituents  are  aggregated  in  any 
manner  which  the  circumstances  of  formation  may  determine. 
There  is  no  definite  law  determining  what  ingredients  shall  consti- 
tute the  rock,  nor  in  what  proportions  they  shall  enter  into  it. 
liocks,  therefore,  are  not  definite  combinations  of  minerals  in  the 
same  sense  that  minerals  are  combinations  of  chemical  compounds. 
Notwithstanding  this  fact,  the  circumstances  of  nature  are  such 
that  certain  associations  of  minerals  are  much  more  frequent  than 
others,  as  the  combination  of  quartz,  feldspar  and  mica,  which  forms 
granite,  or  of  augite  and  a  triclinic  feldspar,  which  forms  dolerite. 
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etc.  Such  combinations  are  sometimes  termed  lithological  species, 
but  this  IS  an  objectionable  usage,  since  it  implies  a  definiteness  and 
uniformity  of  character  that  does  not  exist. 

Undoubtedly  the  most  important  characteristics  of  rocks  are  de- 
rived from  the  minerals  that  compose  them.  But  before  considering 
the  subject  especially,  it  may  be  most  convenient  to  give  attention 
to  other  characteristics. 

EocKS  Considered  wrrH  Reference  to  Their  Origin. 

Igneous  Rocks.  An  important  class  of  rocks  arise  from  the  cool- 
ing of  molten  material.  It  is  highly  probable  that  the  great  core 
of  the  earth  and  its  primitive  crust  are  of  this  class.  It  is  certain 
that  at  various  times  throughout  geological  history,  molten  rock 
material  has  been  forced  from  within  to  the  surface,  and  by  cqoling 
has  produced  igneous  rocks.  Lavas  and  other  volcanic  rocks  of 
recent  times  are  familiar  examples. 

Aqumus  Rocks,  Another  important  class  of  rocks  are  formed 
through  the  medium  of  wat^r.  Its  agency  is  two-fold ;  1st,  it  de- 
posits substances  held  in  solution,  as  in  the  case  of  certain  forma- 
tions of  lime,  gypsum,  salt,  etc. ;  and  2d,  it  deposits  matter  held  in 
suspension,  or  otherwise  transported  by  it,  as  mud  and  sand,  which 
are  subsequently  solidified,  either  by  their  own  coherence,  or  by 
chemical  deposits  from  the  water. 

Metaiiiorjphic  Rocks.  Still  another  important  class  of  rocks  were 
originally  aqueous  or  otherwise  in  origin,  but  have  since,  through 
the  agency  of  heat  and  pressure  (it  is  maintained),  been  changed 
into  a  highly  crystalline  state,  quite  unlike  their  original  condition. 
Because  of  this  change,  they  are  termed  metamorphic.  When  the 
change  has  been  extreme,  the  rock  often  so  closely  resembles  the 
corresponding  ones  of  the  igneous  class,  that  it  is  extremely  difficult 
to  distinguish  them. 

Aqxio-igneoics  Rocks.  It  is  held  that  there  are  cases  in  which 
rocks  which  were  originally  formed  through  the  agency  of  water 
have  been  subjected  to  very  great  heat  and  pressure,  and  have  thus 
become  pasty  or  plastic  to  such  a  degree  as  to  permit  of  their  being 
forced  into  fissures  in  adjacent  bodies  of  rock,  and  so  become  in- 
trusive, without  really  being  igneous  in  the  usual  sense  of  the  term. 

Psexidoinorphic  Rocks.  Through  the  agency  of  the  chemical  and 
molecular  changes  continually  in  progress  in  the  crust  of  the  earth, 
as  explained  in  the  last  chapter,  various  minerals  have  been  exten- 
sively changed  in  their  nature,  while  their  form  remains  the  same. 
These  are  termed  psendomorphs  (false  forms),  because  the  mineral 
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assumes  the  form  of  the  one  it  replaces,  instead  of  its  own.  When 
the  minerals  composing  a  rock  have  been  extensively  changed  in 
this  way,  it  comes  to  be  quite  a  different  rock  from  what  it  origi- 
nally was,  and  may  be  said  to  have  had  b,  psevdomorphic  origin.  This 
term  is  not,  however,  commonly  used,  and  the  extent  to  which  the 
process  prevails  is  yet  a  subject  of  difference  of  opinion.  The 
microscopical  observations  of  Professor  Irving,  and  others,  have 
shown  it  to  be  more  prevalent  in  our  rocks  than  has  been  generally 
apprehended.  An  example  of  this  is  the  formation  of  diorite  from 
diabase  or  dolerite,  by  the  change  of  the  augite  of  the  latter,  into 
Jioniblendej  or,  more  strictly,  uralite. 

jEolian  Bocks.  The  winds  drift  sand  and  dust,  and  heap  it  up  in 
sheltered  spots,  forming  deposits  which  are  sometimes  quite  exten- 
sive, as  the  dunes  oi  sandy  shores  and  plains.  These  accumulations 
on  solidification  give  rise  to  a  rock  essentially  like  those  of  aqueous 
origin.  Such  rocks  may  be  said  to  have  an  aeolian  origin,  though 
the  distinction  is  of  little  importance. 

Organic  Bocks.  The  remains  of  animal  and  vegetable  hfe,  accu- 
mulating and  solidifying,  give  rise  to  an  important  class  of  rocks. 
Famibar  examples  of  this  class  are  coal^  formed  by  the  accumula- 
tion of  vegetable  matter,  and  chalky  formed  from  the  minute  cal- 
careous shells  of  Ehizopods.  Limestone  is  formed  from  the  remains 
of  animals,  decomposed  and  ground  up  by  the  action  of  water,  so 
that  it  is  due  to  combined  organic  and  aqueous  agencies. 

Classified,  therefore,  on  the  baSis  of  their  origin,  rocks  are: 

Igneous^  those  formed  from  molten  materiaL 

AqueoiLSj  those  formed  through  the  agency  of  water. 

Metamorphic^  those  formed  by  the  crystallization  of  sediments. 

Aquo4gneoxjis^  those  formed  by  combined  action  of  heat  and 
water. 

Psex(domorphiCy  those  arising  from  metasomatic  changes  of  the 
cpnstituent  minerals. 

jEollan^  those  formed  from  wind  depositions. 

Organic^  those  formed  through  the  agency  of  animal  and  vege- 
table life. 

Rocks  Considered  witu  Reference  to  the  Physical  Nature  op 

TUEIR   CoNSTirUENTS. 

Eocks  are  usually  made  up  either  of  aggregates  of  crystals  or  of 
particles  derived  from  pre-existing  rocks  by  disintegration  or  wear. 
Those  that  are  formed  by  coohng  from  the  molten  state,  or  by 
chemical  deposition  from  a  watery  solution,  or  by  metamorphic 
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changes,  usually  assume  a  crystalline  structure.  Those  derived  from 
older  rocks  by  decomposition  and  wear  are  merely  a  mass  of  detri- 
tal  particles,  and  are  termed  fragmental^  detrital  or  clastic.  Rocks 
may  be  composed  in  part  of  crystalline,  and  in  part  of  clastic 
material. 

Crystalline  Rocks.  These  may  be  classified  according  to  the  de- 
gree and  character  of  crystallization. 

1.  Those  in  which  crystallization  is  complete,  and  the  individual 
crystals  are  distinctly  visible,  are  termed  granular  crystalline^  or 
phanero-erystaUinej  as  granite,  statuary  marble,  etc. 

2.  Those  which,  while  crystalline  in  structure,  yet  present  no  visi- 
ble crystals,  as  some  quartzites,  flints,  volcanic  glasses, .  etc.,  are 
termed  cryptcHirystaUine  (hidden  crystals). 

3.  Those  which  consist  of  a  crypto-crystalline  base,  through  which 
are  scattered  distinct  crystals,  are  iQUti&&  porphyritic  or  porphyries. 

FTogrrventdL  Rocks.  As  these  arise  chiefly  from  the  decay  and 
wear  of  previous  rocks,  the  constituents  may  be  reduced  in  various 
degrees.  If  the  material  consists  of  pebbles  solidified,  the  rock  is  a 
oonglo  merate.  If  the  component  fragments  are  well  rounded,  the 
rock  is  sometimes  tQwuQA,  pudding  stone,  though  usually  simply  con- 
glomerate. If  they  are  but  little  worn,  remaining  still  angular,  the 
POck  is  termed  a  breccia,  a  term  of  very  frequent  use  in  these  re- 
ports. If  the  material  is  further  reduced,  the  rock  becomes  a  grit 
or  sandstone,  or  if  the  material  is  calcareous,  it  is  sometimes  termed 
a  sandrock,  and  if  still  further  reduced  to  an  earth  or  clay,  the  re- 
sulting rock  is  a  shale.  Clay,  mud,  silt,  earth,  alluvium  and  soil, 
are  familiar  terms  used  to  designate  fine  rock-substance  in  its  un- 
consolidated state.  Gravel,  in  a  similar  way,  is  an  incoherent  con- 
glomerate. Till  is  a  term  coming  into  general  use  to  designate  a 
confused  mixture  of  bowlder  clay,  gravel  and  sand,  formed  by 
glaciers,  constituting  their  ground  moraine.  It  embraces  the  greater 
portion  of  the  bowlder  clay  so  extensively  spread  over  the  eastern 
and  northern  portions  of  the  State. 

Books  Considered  with  Reference  to  the  Structure  of  Their 

Mass. 

Rocks  are  distinguished  with  reference  to  the  internal  arrange- 
ment of  material,  as  follows : 

1.  Those  whose  material  coheres  in  great  masses,  without  any 
definite  internal  arrangement,  are  termed  massive. 

2.  Those  whose  material  is  arranged  in  planes  or  leaves,  as  it  were, 

giving  the  rock  a  banded  structure,  are  termed  schistose  rocks,  or 
Vol.  I— a 
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schists.  This  structure  is  also  termed  foliaied.  These  terms  are 
usually  confined  iu  their  use  to  crystalliae  rocks,  as  gneiss  aad  mica 
schist. 

3.  Those  in  which  the  material  (usually  a  clayey  or  earthy  sedi- 
ment) was  laid  do^n  in  thin  sheets,  giving  a  laminated  structure 
to  the  rock,  are  termed  shaly  rocks,  or  shales. 

4.  Those  in  which  the  particles  are  so  formed  and  arranged  as  to 
make  the  rock  split  in  thin,  regular  sheets,  are  termed  slaty  rocks, 
or  slates,  of  which  roofing  slate  is  an  example. 

The  distinction  between  schists,  shales,  and  slates,  is  usually 
troublesome  to  the  learner,  though  rarely  so  to  the  practical  geolo- 
gist. They  all  possess  a  parallel  or  stratified  arrangement  of  their 
material,  but  in  the  true  slates  this  arrangement  is  brought  about  by 
compression,  which  flattens  the  particles  and  forces  them  into  a 
parallel  arrangement  at  right  angles  to  the  compressing  force.  The 
direction  of  the  cleavage  is  hence  usually  not  parallel  to  the  bedding 
planes,  hut  raore  or  less  transverse  to  them.  Usually  this  character 
sharply  distinguishes  slates  from  shales  and  schists.  But  practi- 
cally the  character  of  the  structure  and  cleavage  is  of  itself  usually 
decisive.  The  term  slate,  however,  is  not  rigidly  confined  to  rocka 
of  this  class,  but  is  made  to  embrace  a  class  of  closely  laminated, 
fissile  rocks  of  similar  regular  cleavage,  that  have  become  such  from 
the  manner  of  their  deposition, 'and  not  from  compression.  In 
shales  and  schists  the  parallel  arrangement  of  particles  is  usually 
conformable  to  the  bedding  planes.  But  the  term  shale  is  usually 
confined  to  rocks  formed  by  the  deposition  of  clayey  or  earthy  ma- 
terial, the  parallel  structure  being  due  to  the  stratified  or  laminated 
nature  of  deposition,  while  the  term  schist  is  usually  applied  to 
metamorphic  rocks,  in  which  the  structure  is  due  to  a  parallel  ar- 
rangement of  the  crystals,  especially  those  that  take  the  form  of 
thin  scales,  as  mica,  hornblende,  chlorite,  etc. 

S^atijlcation.  The  foregoing  distinctions  relate  to  the  texture  of 
rocks,  taken  in  small  masses.  If  their  structure  be  considered  in  a 
larger  view,  rocks  will  be  found  to  constitute  two  classes: 

1.  Those  which  are  arranged  in  layers  or  strata,  and  are  hence 
i  stralijied  roc/cs. 
.  Those  which  present  no  such  arrangement,  and  are  hence 
1  vnatratlji^d  rocks. 

I  roska  usually  owe  their  bedded  structure  to  the  modify- 

1  of  water  during  their  deposition,  and  are  mainly  aqueous 

r  owe  their  stratification  to  the  action  of  winds,  as  in  the 

8  ami  other  wind-drift  acoomalations.    Volcanic  ashes 
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and  scoria  usually  take  a  stratified  arrangement.  A  stratified  ar- 
rangement of  igneous  rocks  is  produced  when  the  molten  matter 
issues  from  fissures  at  intervals  in  great  quantities,  and  spreads  out 
in  successive  thin  sheets  over  a  large  area.  Such  an  accumulation 
presents  a  very  definite  stratified  appearance,  viewed  as  a  whole, 
though  of  course  each  flow  is  in  itself  unstratified.  The  igneous 
rocks  of  Lake  Superior  are  a  remarkable  example  of  this. 

Unstratified  rocks  are  produced  when  great  masses  of  molten 
rock  solidify.  They  are  probably  also  produced  by  an  extreme 
degree  of  metamorphism  of  what  were  originally  stratified,  sedi- 
mentary rocks.  Metamorphism,  as  usually  known,  does  not  entirely 
destroy  the  bedded  structure,  though  it  may  obliterate  the  finer 
laminations.  But  it  is  highly  probable  that  it  sometimes,  and  per- 
haps often,  reaches  a  degree  in  which  the  main  bedding  lines  are 
destroyed  also.  The  massive  granites  of  the  older  formations  which 
lie  at  the  base  of  the  geological  column  may  furnish  examples  of 
this. 

Books  Considered  wtih  Refeeenoe  to  Their  Cuemical  Nature. 

It  is  often  important  to  designate  in  general  terras,  the  chemical 
character  of  rocks.  This  is  usually  done  by  a  class  of  adjective 
terms,  of  which  the  following  are  some  of  the  more  common  : 

Siltcious,  those  (1)  in  which  silica  is  the  predominant  ingredient, 
as  meant  when  we  say,  a  silicious  rock ;  or  (2)  those  in  which  it  is  a 
notable  though  not  predominant  ingredient,  as  meant  in  the  expres- 
sion, a  silicious  limestone,  or  a  silicious  ore. 

Calcareous,  those  in  which  lime  is  (1)  a  predominant  or  (2)  a  char- 
acteristic ingredient. 

Ferrugincms,  those  in  which  iron  (in  the  form  of  an  oxide)  is  a 
characteristic  ingredient. 

CarbormceouSj  those  in  which  carbon  is  a  more  or  less  considerable 
constituent. 

ArgiUaceous,  those  consisting  of,  or  characterized  by  clayey  ma- 
terial. 

Another  chemical  distinction  of  growing  importance  is  the  dis- 
crimination of  rocks  as  acidic^  neutral^  and  hasio.  Most  rocks  are 
chemically  of  the  nature  of  salts,  i.  e.,  they  consist  of  a  combination 
of  an  acid  ingredient  and  a  basic  or  alkaline  one.  If  these  two 
unite  in  such  proportions  as  to  satisfy  mutually  their  chemical  aflBni- 
ties,  the  resultant  rock  is  chemically  neiitral.  In  case  the  acid  in- 
gredient predominates,  the  rock  is  termed  acidic.  In  case  the  basic 
is  in  excess,  it  is  termed  hasic. 
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echists.  This  structure  is  also  termed  foliated.  These  terms  are 
usually  confined  in  their  use  to  crystalline  rocks,  as  gneiss  and  mica 
schist. 

3.  Those  in  which  the  material  (usually  a  clayey  or  earthy  sedi- 
ment) was  laid  down  in  thin  sheets,  giving  a  laminated  structure 
to  the  rock,  are  termed  shaly  rocks^  or  shales. 

4.  Those  in  which  the  particles  are  so  formed  and  arranged  as  to 
make  the  rock  split  in  thin,  regular  sheets,  are  termed  slaty  rocks^ 
or  slates^  of  which  roofing  slate  is  an  example.^ 

The  distinction  between  schists,  shales,  and  slates,  is  usually 
troublesome  to  the  learner,  though  rarely  so  to  the  practical  geolo- 
gist. They  all  possess  a  parallel  or  stratified  arrangement  of  their 
material,  but  in  the  true  slates  this  arrangement  is  brought  about  by 
compression,  which  flattens  the  particles  and  forces  them  into  a 
parallel  arrangement  at  right  angles  to  the  compressing  force.  The 
direction  of  the  cleavage  is  hence  usually  not  parallel  to  the  bedding 
planes,  but  more  or  less  transverse  to  them.  Usually  this  character 
sharply  distinguishes  slates  from  shales  and  schists.  But  practi- 
cally the  character  of  the  structure  and  cleavage  is  of  itself  usually 
decisive.  The  term  slate,  however,  is  not  rigidly  confined  to  rocks 
of  this  class,  but  is  made  to  embrace  a  class  of  closely  laminated, 
fissile  roclis  of  similar  regular  cleavage,  that  have  become  such  from 
the  manner  of  their  deposition,  *and  not  from  compression.  In 
sTiales  and  schists  the  parallel  arrangement  of  particles  is  usually 
conformable  to  the  bedding  planes.  But  the  term  shale  is  usually 
confined  to  rocks  formed  by  the  deposition  of  clayey  or  earthy  ma- 
terial, the  parallel  structure  being  due  to  the  stratified  or  laminated 
nature  of  deposition,  while  the  term  schist  is  usually  applied  to 
metamorphic  rocks,  in  which  the  structure  is  due  to  a  parallel  ar- 
rangement of  the  crystals,  especially  those  that  take  the  form  of 
thin  scales,  as  mica,  hornblende,  chlorite,  etc. 

Stratification.  The  foregoing  distinctions  relate  to  the  texture  of 
rocks,  taken  in  small  masses.  If  their  structure  be  considered  in  a 
larger  view,  rocks  will  be  found  to  constitute  two  classes : 

1.  Those  which  are  arranged  in  layers  or  strata,  and  are  hence 
termed  stratified  rocks. 

2.  Those  which  present  no  such  arrangement,  and  are  hence 
termed  unstratlfied  rocks. 

Stratified  rocks  usually  owe  their  bedded  structure  to  the  modify- 
ing action  of  water  during  their  deposition,  and  are  mainly  aqueous 
rocks.  A  few  owe  their  stratification  to  the  action  of  winds,  as  in  the 
case  of  dunes  and  other  wind-drift  accumulations.    Volcanic  ashes 
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The  chief  acid  constituents  of  rocks  are  silica  and  carbonic  acid. 
As  the  latter  is  a  gas  when  free,  it  cannot  of  itself  form  a  rock. 
Silica,  however,  forms  of  itself  immense  deposits,  as  quartz,  quartzite, 
and  quartzose  sand,  and  hence  there  is  a  very  large  and  important 
class  of  rocks  that  are  purely,  or  highly,  acidic,  through  the  predomi- 
nance of  silica.  The  basic  ingredients  of  rocks  are  mainly  potash, 
soda,  lime,  magnesia,  alumina,  and  iron  oxide.  Of  these,  only  the 
last  often  forms  an  uncombined  basic  rock. 

The  more  important  use  of  the  terms  acidic,  neutral,  and  basic,  re- 
lates to  that  large  class  of  rocks  in  which  silica,  as  the  acid  ingredi- 
ent, unites  with  potash,  soda,  lime,  magnesia,  iron,  etc.,  as  basic 
ingredients.  When  the  silica  exactly  satisfies  the  chemical  affinity 
of  the  basic  ingredients,  the  rock  is  neutral^  when  it  is  in  excess  of 
that,  acidic,  and  when  it  falls  short,  basic.  For  convenience,  when 
the  silica  exceeds  60  per  cent.,  the  rock  is  commonly  regarded  as 
acidic,  when  it  falls  below  that,  basic,  though  the  exact  point  of  neu- 
trality varies  somewhat  above  and  below  60  per  cent.,  depending 
upon  the  constitution  of  the  rock. 

EocKS  Considered  wrrn  Kefebenoe  to  Theib  Mdceralogioal  Com- 

posmoN. 

By  far  the  most  important  characteristics  of  rocks  are  dependent 
upon  the  minerals  which  compose  them.  Certain  rocks  are  formeil 
almost  exclusively  of  a  single  mineral,  as  quartzite,  and  common 
quartzose  sandstone,  which  are  little  more  than  quartz;  as  limestone, 
which  is  mainly  made  up  of  minute  grains  of  calcite ;  or  as  magnesian 
limestone,  composed  of  crystals  of  the  mineral  dolomite.  A  larger 
number  of  rocks,  however,  are  composed  of  several  mineral  sub- 
stances in  association.  These  substances  are  sometimes  in  an  unde- 
fined, unindividualized  condition  (amorphous,  without  form),  but  they 
are  more  commonly  in  the  condition  of  distinct  crystals.  These  are 
usually  small  and  interspersed  mutually  throughout  the  rock.  They 
are  not  to  be  conceived  as  perfect  crystals  packed  together,  but  as 
imperfect  ones,  modified  by  mutual  interference  in  their  growth.  As 
a  rule  they  appear  to  have  been  formed  in  succession.  The  crystals 
of  the  first  formed  mineral  are  more  nearly  perfect  than  those  of  the 
later  ones  which  conform  to  and  embrace  them. 

As  previously  remarked,  there  is  nothing  in  the  nature  of  the 
minerals  themselves  to  determine  how  or  in  what  proportion  thev 
shall  be  associated.  That  is  dependent  wholly  upon  the  material 
out  of  which  they  were  formed,  and  the  conditions  of  their  produc- 
tion.   Certain  associations  of  minerals  are,  however,  much  more 
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frequent  than  others,  and  to  these  special  names  are  given. 
Originally,  many  of  the  special  names  given  to  these  mixed  rocks 
had  no  reference  to  their  mineral  composition,  but  by  usage  have 
come  to  be  employed  exclusively  to  designate  particular  mineral  ag- 
gregates. Thus  granite  was  originally,  and  indeed  is  yet  popularly, 
used  to  indicate  a  grained  rock^  but  it  is  now  confined  to  a  special 
aggregate  of  quartz,  feldspar  and  mica.  Some  names  have  a  partly 
mineralogical  and  a  partly  structural  signification,  such  as  gneiss^ — 
a  combination  of  quartz,  feldspar  and  mica,  having  a  schistose  or 
banded  structure.  There  are  still  other  names  which  really  sig- 
nify physical  properties,  but  which  are  only  applied  to  rocks  of 
certain  mineral  constitution,  as  trachyte^  a  name  referring  to  the 
quality  of  roughness,  but  which  is  only  applied  to  a  certain  feld- 
spathic,  igneous  rock. 

It  is  unfortunate  that  there  is  no  series  of  names  based  simply  on 
the  mineral  composition  of  rocks.  The  writer  has  proposed  a  sys- 
tem of  naming  to  meet  this  want,  and  the. growing  needs  of  .litho- 
logical  science,  an  outline  of  which  is  given  on  pages  30-40.  The 
existing  system  is,  of  course,  used  in  these  reports,  but  the  proposed 
names  have  been  added  in  parenthesis  in  this  volume  for  their 
definitive  and  mnemonic  value. 

The  Leadeno  Classes  of  Rocks. 

The  list  of  rocks  which  follows  is  only  intended  to  embrace  the 
more  important  ones  found  in  Wisconsin.  The  definitions  are 
largely  based  on  mineral  composition,  but  not  entirely  so.  A  com- 
plete list  of  all  the  rocks  found  in  the  State,  with  remarks  iis  to  their 
character  and  occurrence,  prepared  by  Prof.  Irving,  will  be  found  in 
Part  II  of  this  volume,  to  which  reference  is  recommended.  Fuller 
descriptions  of  our  native  rocks,  including  many  microscopic  deline- 
ations, will  be  found  m  the  several  volumes  of  this  series.  As  these 
embrace  descriptions  and  notes  by  prominent  experts  of  Europe,  as 
weU  as  this  country,  they  possess  value  for  those  who  desire  to 
follow  the  subject  out  in  its  fullness. 

Simple  Rocks. 

Limestone  consists  essentially  of  calcium  carbonate,  or  calcite, 
which  occurs  usually  in  small  crystalline  grains,  forming  a  semi- 
crystalline  mass.  It  is  frequently  impure  from  the  presence  of  silica 
and  clayey  material.  It  is  mainly  derived  from  the  comminuted 
remains  of  marine  life,  as  corals,  crinoids,  mollusks,  etc.  Several 
varieties  are  formed  by  chemical  deposition  from  lime-bearing  water, 
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as  (1)  calcareous  tnfa^  and  tbe  petrified  moss  of  lime  springs;  (2) 
the  stalactites  formed  like  icicles  in  caves  by  deposit  from  dripping 
water,  and  stalagmite  formed  in  a  similar  way  on  the  flooi^  of 
caves,  and  (3)  calcite  or  the  maride-like  filling  of  fissures,  as  the 
marble  of  Eichland  .county. 

Marl,  as  the  term  is  used  in  these  reports,  denotes  a  lime  deposit 
derived  from  disintegrated  fresh  water  shells,  and  is  commonly  found 
in  tbe  bottoms  of  marshes  and  lakes. 

Magneslan  Limestone  differs  from  simple  limestone  in  containing 
a  greater  or  less  quantity  of  magnesium  carbonate,  and  embraces  by 
far  the  grc;ttoi-  pnrtiuii  of  tlio  lliiiestouLy  of  our  State.  It  was 
l>i-L>ltab]y  foniicil  rruui  siiiiplo  limostLino  by  tlie  substitution  of  mag- 
nesium carbonate  for  a  part  of  tbe  calcium  carbonate,  while  it 
was  still  a  marine  sediment.  AVlien  this  process  has  been  carried  so 
far  that  there  is  a  molecule  of  magnesium  carbonate  for  every  mole- 
cule of  calcium  carbonate,  the  rock  becomes  a  true  dolomite,  a 
"  double  carbonate  of  lirae  and  magnesia,"  in  the  old  phraseology. 
The  process  is  known  as  dolomUation.  In  such  cases,  analysis  will 
show  the  calcium  carbonate  to  constitute  54.35  per  cent.,  and  mag- 
nesium carbonate  45. C5  per  cent,  of  tbe  rock,  when  strictly  pur^ 
dolomite.  The  majority  of  the  magnesian  limestones  or  dolomites 
of  Wisconsin  give,  on  analysis,  nearly  this  proportion,  showing  that 
they  arc  essentially'  dolomites. 

Hydraallc  Limestone.  This  is  not  to  be  regarded  as  a  rock  of 
definite  composition,  but  consists  of  a  limestone,  usually  magnesian, 
containing  a  considerable  percentage  of  silica  and  alumina.  Tbe 
percentages  of  the  ingredients  vary  considerably.  Those  of  the 
Milwaukee  cement  rock,  which  gives  excellent  results,  are  as  follows ; 

Carbonate  of  lime 4S.11 

Carbonate  of  magncBiiL SO. 89 

Silica 16.61 

Alumina 4.09 

Oxide  of  iron,  etc 3 .  25 

99.9S 

Clay  Rocks.  Argillltes.  Shales.  Rocks  formed  by  clay,  more 
or  loss  Viardent'd,  are  sometimes  termed  argUlUea,  though  oftener 
thalca.  iihal'!^,  however,  are  not  necessarily  formed  of  argillaceous 
day. 

Pipestone  is  a  nxk  consisting  of  clayey  material,  usually  colored 
to  a  rich  red  hue  by  iron  oxide,  having  a  compact  texture,  but 
ratlier  soft,  so  as  In  be  easily  car\'eil.  It  has  little  importance  as  a 
nwk,  and  is  mainly  interesting  because  of  its  beauty. 
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Ironstone.  All  ores,  in  the  geologicsal  sense,  are  rocks.  None  of 
them,  however,  are  found  in  sufficient  quantity  to  attain  importance 
as  rock-masses,  except  the  iron  ores.  These,  in  the  form  of  magnet- 
ite, the  several  hematites,  and  limonite,  constitute  important  mem- 
bers of  the  rock  series.  Their  characters  are  fully  described  in  the 
mineralogical  list,  and  in  the  chapter  on  iron  ores  in  this  volume, 
and  in  the  reports  on  the  iron  deposits  in  Vols.  II,  III,  and  IV  of 
this  series. 

Sandstone.  By  the  unmodified  term  sandstone,  a  rock  composed 
of  rounded  quartz  grains  is  usually  understood.  But  besides  the 
quartz,  there  are  frequently  present  grains  of  other  raineriils,  as  feld- 
spar, magnetite,  augite,  and  scales  of  mica.  If  tlie^e  form  any  con- 
siderable part,  modifying  terms  are  used  by  careful  writers,  as 
micaceous  or  feldsj>athic  sandstone.  Sometimes  sandstones  are  com- 
posed almost  wholly  of  feldspar  and  other  silicates,  as  in  the  case 
of  some  of  the  Keweenawan  sandstone.  Sometimes  a  rock  of  sandy 
texture  is  made  up  of  particles  of  calcite,  or,  more  frequently,  of 
dolomite,  when  the  term  sandrocJc  is  frequently  used  instead  of 
sandstone,  the  rock  being  designated  a  calcareous  or  doloinitic  sand- 
rock.  A  notable  instance  of  dolomitic  sandrock  is  a  granular  dolo- 
mite found  near  Taycheedah,  and  used  as  cut-stone  at  Fond  du  Lac. 
Though  locally  called  a  sandstone,  analysis  shows  it  to  be  one  of  the 
purest  dolomites  on  the  continent. 

Crystalline  Eocks. 
A.    Granitic   Group. 

There  is  a  large  group  of  complex  crystalline  rocks  formed  by  the 
association  of  three  or  more  minerals,  of  which  granite  (fel-qua-mi) 
may  be  taken  as  a  type.  The  minerals  are  usually  (1)  quartz,  (2) 
feldspar,  most  frequently  orthoclase,  but  sometimes  oligoclase  or 
some  of  the  triehnic  feldspars,  and  (3)  a  mica,  or  an  amphibolo 
(hornblende).  With  these  are  associated  a  considerable  number  of 
accessory  minerals,  which  are  often  present  in  minor  quantities,  and 
which  sometimes  replace  some  of  the  principal  ingredients.  The 
group  has  an  almost  infinite  number  of  varieties,  and  of  gradations 
from  one  variety  to  another,  but  the  subsequent  list  contains  the 
principal  types. 

The  granitic  group  may  be  said  to  branch  off  from  the  preceding 
through  quartzite  which  only  differs  from  sandstone  in  being  meta- 
morphosed, and  is  really  a  simple  rock,  but  is  connected  with  the 
granites  by  gradations  through  the  introduction  of  feldspar  and 
mica  crystals,  and  by  a  similarity  of  origin. 
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Qnartzlte.  This  is  a  rock  formed  essentially  of  compact  quartz, 
and  has  usually  arisen  from  the  metamorphism  of  siliciouS  sand- 
stone through  the  aid  of  heat  and  pressure.  The  quartzites  of  the 
Devils  Lake  region  are  typical  examples  of  this  class.  They  are 
there  colored  red,  as  is  not  uncommon,  with  a  little  iron  oxide. 
Some  quartzites  are  produced  by  aqueous  agencies. 

Jasper.  A  fine-grained,  quartzose  rock,  deeply  colored,  (usually) 
red,  by  iron  oxide,  constitutes  a  jasper  rock.  It  differs  from  quartz- 
ite  in  little  more  than  in  being  of  finer  texture,  containing  some 
clay,  and  being  more  highly  colored.  It  is  often  banded,  or  schistose 
in  structure,  and  is  frequently  associated  with  iron  ores,  as  in  the 
Lake  Superior  region.  Only  specimens  of  exceptionaUy  fine  grain 
and  color  are  valuable  as  precious  stones. 

Chert.  Flint.  Chert  is  the  name  given  to  an  impure  silioious 
rock  of  flinty  nature,  usually  of  an  opaque,  v^'^hite,  or  yellowish 
color.  It  occurs  abundantly  in  certain  limestones  in  the  formi  of 
nodular  concretions.  In  the  lead  region,  these  are  known  as  flints, 
and  do  not  differ  greatly  in  nature,  and  probable  origin,  from  the 
true  flints  of  the  chalk  deposits,  except  in  being  coarser  and  less 
pure.  Chert  is  sometimes  colored  by  iron  oxide,  when  it  closely 
approaches  jasper  in  nature. 

Granite  (Fd-quormi).  This  is  a  complex  crystalline  rock,  com- 
posed of  feldspar,  quailz  and  mica.  The  ingredients  usually  occur 
in  distinct  crystalline  grains.  Thefeldapanr^  in  the  typical  varieties, 
is  orthoclase,  which,  by  its  red  or  white  color,  determines  the  hue 
of  the  granite.  This  mineral  may  be  distinguished  by  ite  smooth 
cleavage  in  two  directions,  and  the  satin  luster  of  its  faces.  The 
quartz  is  usually  glassy,  and  without  apparent  cleavage.  The  mica 
usually  takes  the  form  of  thin  scales,  which  may  be  either  silvery, 
black,  or  bronze  in  color. 

This  may  be  taken  as  the  typical  form  of  granite,  and  from  this 
it  grades  away  by  variations  in  the  relative  quantity  of  its  ingredi- 
ents, and  by  the  introduction  of  others,  into  a  variety  of  allied  rocks. 
If  the  quartz  is  very  greatly  increased,  it  graduates  in  the  direction 
of  quartzite.  If  the  mica  is  wanting,  it  becomes  grannllte  (quorfd)^ 
a  rock  consisting  of  quartz  and  feldspar.  If  the  mica  is  replaced 
by  hornblende,  the  rock  becomes  a  syenite  (fd-qiia-Jwrn)^  as  the 
term  is  usually  used  in  America,  but  not  in  Europe,  where  the  terra 
syenite  is  usually  applied  to  a  rock  consisting  of  orthoclase  feldspar 
and  hornblende  (artho-hom).  If  the  mica  is  increased  so  as  to  give 
a  banded  or  foliated  structure  to  the  rock,  it  is  termed  a  gneiss 
(foliated  felrqua-mi  or  quorf el-mi).  If  the  mica  is  further  increased 
so  as  to  predominate,  and  give  a  decidedly  schistose  structure,  the 
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rock  becomes  a  mica  schist  (schistose  mi-qua-fd  or  mi-fd-qua). 
All  these  forms  pass  into  each  other  by  insensible  gradations,  and 
are  only  somewhat  arbitrarily  distinguished. 

In  like  manner,.^^n,ife,  when  its  hornblende  takes  the  laminated 
form,  and  is  so  arranged  as  to  give  a  banded  structure,  becomes  a 
syenltic^  or  hornblendic  gneiss  (foUated  felrqua-hom).  When  the 
hornblende  becomes  very  predominant  and  gives  the  rock  a  de- 
cidedly schistose  structure,  it  becomes  a  hornblende  scliist  (horrir 
quorfd). 

From  these  foliated  forms  there  grades  away  a  great  series  of 
cr}'^stalline  schists  and  slates  formed  from  the  partial  metamorphism 
of  earthy  and  clayey  sediments.  They  are  usually  illy  defined  in 
character  and  are  commonly  designated  by  descriptive  phrases  or 
the  name  of  some  characteristic  ingredient,  as  graphitic^  sericitio, 
chloriticy  magfietiiic,  he-matitic^  and  hydromica  schists. 

B.    Basaltic  Group. 

There  is  another  large  group  of  crystaUine  rocks  in  which  there 
are  usually  only  two  leading  minerals,  though  almost  always  one  or 
more  important  accessory  ones.  These  are  commonly  a  plagioclase 
feldspar  ^  and  a  pyroxene.  These  rocks  embrace  most  of  the  dark, 
rather  fine-grained,  non-schistose  rocks,  that  occur  in  the  crystalline 
region,  and  are  abundantly  scattered  in  bowlders  over  the  glaciated 
area  of  the  state  and  popularly  known  as  "  nigger  heads." 

Dolerite.    Diabase  (Plagi-auq).    A  rock  composed  ot  plagioclase 

fddspar  and  augite.    The  feldspar  in  the  Wisconsin  rocks  is  usually 

either  labradorite,  oligoclase,  anorthite,  or  two  of  these  associated. 

Orthoclase  is  not  uncommonly  present  also.    Magnetite  is  almost 

universally  present.    This  rock  is  usually  dark  green,  iron  gray, 

or  black,  of  medium  or  fine  crj'^stalline  grain,  and  weathers  to  a 

rusty  brown  by  the  oxidation  of  the  iron.    It  is  heavy  and  tough, 

but  not  very  hard.    It  shows  most  of  the  characteristics  common 

to  the  other  rocks  of  the  group,  so  that  it  is  a  diflBcult  rock  to 

determine  precisely.    The  name  dolerite  signifies  deceptive,  referring 

to  its  liability  to  be  mistaken  for  diorite  or  other  rocks  of  this 
group. 

1  The  term  plagioclase  is  coming  to  be  commonly  used  as  a  generic  term  to 
designate  an  undistinguished  feldspar,  which  may  be  either  an  anorthite^  a 
labradorite,  an  an  lesite,  an  oligoclase,  or  an  albite.  The  term  is  serviceable  in 
general  descriptions  when  the  feldspars  are  intermingled  or  undeterminable,  or 
mutually  replace  each  other.  The  term  does  not  designate  a  definite  mineral 
species,  as  usuaUy  defined,  and  is  objectionable  to  the  extent  that  it  conveys 
that  impression. 
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The  propriety  of  makiTig  a  distinction  between  diabase  and  doler- 
ite  has  been  questioned.  In  their  original  state  they  were  probably 
essentially  alike,  but  the  more  ancient  rocks  have  undergone  meta- 
somatic  alteration,  whereby  chlorite,  calcite,  viridite,  and  other 
secondary  products  have  been  produced,  which  ^some what  change 
the  aspect  of  the  rock.  Diabase  may,  therefore,  be  regarded  as  a 
dolerite  which  has  undergone  a  notable  degree  of  metasomatic 
change.  It  has  been  the  custom  of  some  lithologists  to  r^ard 
rocks  of  this  class  older  than  the  Tertiary  as  diabases^  and  those 
younger  as  dolerites.  While  it  may  be  a  fact  that  the  rocks  of  the 
earlier  period  arc  generally  changed,  while  those  of  the  later  are 
not,  the  disLinction  on  the  basis  of  age  can  scarcely  be  justified. 
Lithological  distinctions  should  rest  solely  upon  rock-characters. 

Gabbro  (Lahra-dial).  The  term  gabbro  has  been  unfortunate  in 
being  applied  to  several  diflferent  rocks.  As  used  in  these  reports 
the  term  is  applied  to  a  rock  formed  of  o.  plagiockLse  feldspar  and 
diaUage.  The  feldspar  is  usually  labradorite.  The  diallage  is  little  * 
more  than  a  foliated  augite.  The  more  important  accessory  miner- 
als are  magnetite  and  olivine.  It  does  not  differ  radically,  it  will  be 
observed,  from  diabase,  but  the  distinction  is  of  some  geological 
importance.  As  found  in  Wisconsin,  it  is  usually  much  more 
coarsely  crystalline  than  the  diabase,  and  in  such  cases  is  readily 
distinguishable.    The  so-called  Duluth  granite  is  a  typical  example. 

Melaphyr  ( PJ/igiraugirchrys).  This  term,  like  gabbro,  has  had  a 
varied  application.  It  is  in  these  reports  applied  to  a  rock  consist- 
ing of  9k plagi/yciase  fddspar^  augite  and  chrysolite  (olivine),  imbedded 
in  an  apparently  structureless  base,  at  least  a  base  which,  under  the 
microscope,  cannot  be  resolved  into  distinct  minerals.  It  is,  there- 
fore, porphyritic  in  character,  and  might  be  classed  with  the  follow- 
ing group,  but  its  general  constitution  allies  it  very  closely  to  the 
diabases  and  gabbros.  Its  physical  appearance  is  closely  similar  to 
that  of  diabase,  but  in  Wisconsin  rocks  it  is  distinguished  by 
"  spots  y^y  to  f  of  an  inch  in  diameter,  each  of  which  reflects  the 
light  with  a  satin-like  sheen  "  (Pumpelly),  though  the  included  sur- 
face has  a  granular  texture.  Microscopical  examination  shows  that 
the  spot  is  due  to  the  cleavage  of  a  crystal  of  augite  in  which  are 
inclosed  many  crystals  of  feldspar.  These  crystals  resist  weather- 
ing better  than  the  intermediate  material,  and  give  the  worn  surface 
a  characteristic  knobbed  appearance.  This  peculiarity  is  probably 
not  to  be  regarded  as  a  universal  characteristic,  but  is  very  generally 
true  of  the  Wisconsin  rocks,  and  is  a  convenient  means  of  dis- 
tinction. 
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• 

DIorlte  (Plagirhorn),  Diorite  is  a  dark  gray-green  or  blackish 
crystalline  rock,  quite  similar  to  dolerite,  diabase,  and  melapbyr  in 
physical  appearance.  It  consists  mainly  of  a  plagioclase  feldspar 
and  hornblende.  It  differs  from  diabase,  in  the  substitution  of  horn- 
blende for  augite.  In  some  cases  this  substitution  is  probably  a  real 
alteration  of  augite  into  hornblende  (more  strictly  uralite)  (Irving). 
The  accessory  minerals  are  usually  the  same  as  in  the  case  of  dia- 
base. There  is  no  satisfactory  means  of  distinguishing  by  the  eye  or 
ordinary  means  of  inspection,  diorite  from  diabase  or  dolerite.  y 

Only  critical  microscopical  examination  is  competent  to  give  a 
tnistworthv  discrimination. 

ft* 

Amygdaloidal  Bocks.  In  those  cases  in  which  rocks  are  formed 
from  ovei-flows  of  lava,  the  vapors  held  within  the  fluid  rock  ex- 
pand on  relief  of  pressure,  giving  rise  to  bubble-like  cavities  within 
the  rock.  These  are  mainly  near  the  surface  of  the  flow  and  usually 
become  filled  in  time  by  secondary  minerals  deposited  froiA  infiltrat- 
ing waters.  The  structure  so  formed  is  termed  amygdaloidal  from 
the  almond-like  cavities.  The  original  rock  may  be  any  one  of  the 
basaltic  group.  The  name,  therefore,  does  not  represent  mineral 
constitution,  but  physical  structure. 

Sometimes  a  similar  structure  in  a  basaltic  rock  is  produced  by  a 
removal  of  the  original  rock  at  numerous  points,  scattered  through 
the  mass,  and  the  substitution  of  secondary  minerals,  constituting  a 
faUe  a/mygdaloiddl  or  pseudramygdaloidal  rock. 

Semi-Ceystalline  Group, 

There  is  a  large  class  of  rocks  which  consist  in  part  of  distinct 
crystalline  grains,  and  in  part  of  a  vitreous  uncrystallized  base  or 
matrix  in  which  the  crystals  are  imbedded.  The  majority  of  these 
have  probably  arisen  from  the  partial  crystallization  of  what  was 
originally  a  fluid  mass,  though  it  is  not  safe  to  assume  that  all  have. 
Such  rocks  may  be  said  to  have  been  arrested  on  the  way  to  perfect 
crystallization.  If  cooled  at  an  early  stage,  the  unindividualized 
base  constitutes  a  large  portion  of  the  rock-substance.  If  only  ar- 
rested at  a  late  stage,  but  a  small  portion  of  unindividualized 
base  remains.  This  base  is  usually  of  a  glassy  character.  The  crys- 
tals formed  in  it,  being  unobstructed  in  their  growth,  usually  take 
regular  forms,  and  when  they  differ  sharply  in  color  from  the 
ground-mass,  give  to  the  polished  surface  those  beautiful  angular 
mottlings  for  which  porphyries  are  valued.  The  term  porphyry,  in 
its  proper  use,  applies  only  to  rocks  of  this  class,  though  it  is  often 
loosely  applied  to  other  rocks  presenting  distinct  angular  crystals. 
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It  will  be  perceived  that  the  distinction  is  a  physical  and  not  a 
mineralogical  one,  and  that  porphyries  may  differ  widely  in  their 
mineralogical  constitution.  When  the  crystallization  has  proceeded 
so  far  that  the  base  is  a  relatively  small  component,  and  the  mineral- 
ogical character  of  the  rock  pronounced,  the  better  practice  is  to 
use  the  mineralogical  term,  modified  by  the  adjective  porphyritic,  asi 
'porphyritic  didbdse  (porphyritic  plagi-aug). 

Felsite.  The  unindividualized  base  of  porphyritic  rocks  may  be 
of  various  natures.  That  which  is  most  common  in  the  porphyries 
of  Wisconsin  consists  of  an  intimate  mixture  of  material  having  es- 
sentially the  constitution  of  orthoclase  feldspar  and  of  free  quartz. 
To  this  the  iiiVixifeUite  is  applied. 

Felsitic  porphyry  consists  of  a  base  of  felsite^  through  which  are 
scattered  crystals  of  fddspar^  usually  orthoclase. 

Quartz  porphyry  consists  of  a  fcUitic  base,  through  which  are 
dispersed  crystals  of  quartz  as  well  as  those  of  feldspar. 

Felsitic  and  quartz  porphyries  are  regarded  as  corresponding  to 
the  granites  of  the  crystalline  group,  and,  theoretically,  it  is  con- 
ceived that,  if  they  were  completely  crystallized,  they  would  be 
typical  members  of  that  group,  while  the  more  basic  porphyries  are 
regarded  as  partially  developed  member^  of  the  basaltic  group. 

Difficulty  of  Distinguishing  Origin  hy  Constitution.  Of  the  fore, 
going  crystalline  and  semi-crystalline  rocks,  it  is  impossible  to  deter- 
mine, in  many  cases,  from  the  constitution  of  the  rock,  ^"hat  was  its 
origin.  Crystalline  rocks  which  have  a  definitely  foliated  or  schist- 
ose  structure,  may  be  pretty  safely  assumed  to  be  metamorphosed 
sediments.  Kocks  which  have  a  true  amygdaloidal  structure,  or 
fluidal  lines,  indicating  flowage,  may  pretty  safely  be  assumed  to  be 
igneous.  But  of  the  thoroughly  crystalline  rocks,  such  as  granite, 
syenite,  diorite,  possibly  even  dolerite  and  diabase,  and  some  of  the 
porphyries,  the  simple  lithological  character  cannot  be  regarded  as 
sufficient  indication  of  origin.  Certain  microscopical  charactei's  have 
been  held  to  be  more  or  less  decisive  in  this  regard,  but  the  trust- 
worthiness of  such  criteria  is  yet  to  be  demonstrated. 

Microscopical  Lithology.  The  microscopical  study  of  rocks  in 
slices  ground  so  thin  as  to  be  transparent,  and  examined  under 
polarized  as  well  as  ordinary  light,  has,  in  recent  years,  developed 
into  an  important,  and,  indeed,  almost  indispensable  means  of  litho- 
logical investigation.  Such  studies  have  developed  the  existence  of 
a  class  of  microscopical  minerals  not  recognized  by  the  naked  eye. 
These  may  be,  in  many  cases,  only  crystals  of  well-known  minerals 
in  their  incipient  stages.    But  some  forms  are  quite  different  from 


UTHOLOGICAL  GEOLOGY.  29 

any  known  crystals.  The  general  class  are  known  as  microlltes. 
They  are  generally  thin,  cylindrical,  or  needle-like  forms.  Some 
are  dark  and  hair-like,  and  take  curved  or  twisted  forms,  and  are 
termed  trichites  from  their  resemblance  to  hair.  Pellucid  grains, 
globnlites^  are  also  distinguished. 

If  these  are  products  of  incipient  growth,  there  are,  on  the  other 
hand,  certain  peculiar  products  of  decomposition,  as  opacite  — 
black  opaque  grains  and  scales  whose  composition  is  probably  vari- 
ous ;  ferrlte  —  yellowish,  reddish  or  brownish  substances,  occurring 
commonly  in  iron-bearing  rocks ;  viridite  —  green  and  transparent 
substances  resulting  from  the  decomposition  of  hornblende,  augite, 
olivine,  or  other  minerals.  These,  though  named  as  if  they  were 
distinct  minerals,  probably  are  not  so,  but  the  terms  are  convenient 
in  description. 
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APPENDIX  TO  LITHOLOGICAL  GEOLOGY. 
A  Proposed  System  of  Lithological  Nomencla.tube. 

Note.— At  the  meeting  of  the  Wisconsin  Academy  of  Science,  in  January,  1881, 
the  writer  presented  a  paper  on  the  above  subject,  a  portion  of  which  is  here  in- 
corporated for  the  purpose  of  explaining  the  system,  so  far  as  introduced  in  this 
report.  The  extent  of  the  introduction  consists  in  inclosing  the  new  names  in 
parentheses,  after  those  in  common  use.  As  each  name  defines  the  mineralog- 
leal  composition  of  the  rock,  it  will  serve  as  a  definition,  and,  if  familiarized, 
will  assist  in  fixing  in  memory  the  rock  constituents.  T.  C.  C. 

That  our  present  system  of  lithological  nomenclature  is,  in  some 
.important  respects,  unsatisfactory,  it  is  needless  to  assert.  It  is  in- 
adequate, in  that  it  falls  far  short  of  properly  designating  all  the 
mineral  aggregates  that  have  now  become  subjects  of  description, 
and  of  not  infrequent  reference  in  geological  literature.  It  is  ambig- 
uous, in  that  certain  terms  in  common  use  are  differently  used  by 
different  writers.  So  common  a  term  as  syenite,  and  the  not  infre- 
quent ones,  melaphyr  and  gahhro,  are  striking  examples.  It  is  inaccur 
rate,  in  that  it  groups  under  the  same  term,  rocks  whose  ultimate 
chemical  composition  varies  widely,  or  those  whose  origin  is  diverse. 
It  is  mischiev(yus,  in  that  the  individuality  of  its  naming  inevitably  im- 
plies hard  and  fast  lines  which  do  not  exist  in  nature.  It  is  etymolog- 
icalZy  objectionable,  in  that  terms  are  wrested  from  their  derivative 
sense,  and  forced  into  incongruous  applications.  Thus  the  term 
granite  is  driven  from  its  popular,  and  as  it  happens  in  this  case, 
proper  appUcation  to  a  wide  class  of  grained  crystalline  rocks,  and 
restricted  to  a  certain  mineralogical  aggregation. 

That  these  objections  are  felt  in  greater  or  less  degree,  is  shown 
(1)  by  the  drift  in  the  signification  of  terms,  (2)  by  the  efforts  made 
to  restrict  and  define  old  terms,  (3)  by  the  introduction  of  new 
terms,  (4)  by  the  compounding  of  terms,  and  (5)  by  the  use  of  miner- 
alogical names  as  defining  adjectives.  As  examples  of  compounding 
may  be  cited  such  terms  as  quartz-syenite,  oUgoclase- trachyte, 
quartz-augite-andesite,  labradorite-diorite,  hornblende-andesite,  dio- 
rite-gneiss,  homblendic-biotite-gneiss,  and  so  on  through  the  long 
list  of  complex  terms  that  characterize  the  later  and  more  precise 
lithological  discussions. 

The  essential  features  of  the  proposed  system  lie  in  the  direction 
of  this  manifest  tendency,  and  consist,  essentially,  (1)  in  an  effort 
to  separate  lithological  terms  into  distinct  classes,  having  reference 
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to  the  several  attitudes  from  which  the  character  of  rocks  may  be 
viewed,  as  physical,  chemical,  mineralogical,  petrographical ;  and 
(2)  the  introduction  of  a  series  of  contractions,  and  a  system  of 
compounding  terms,  which  shall  render  lithological  names  at  once 
specific,  self-explanatory,  and  measurably  quantitative.  At  the  same 
time,  the  mischievous  implications  attached  to  prevalent  terms, 
fashioned  after  those  applied  to  definite  mineralogical  species,  are 
avoided. 

Lithological  terms  are  either  adjective  or  nominal  in  character, 
and  a  complete  scries  of  each  would  greatly  facilitate  expression. 

The  following  classification  of  terms,  embracing  mainly  those  al- 
ready in  use,  will  make  more  clear  the  place  and  function  f  the 
changes  and  additions  proposed: 

LrrnoLOGicAL  Terms. 
A.  A^ective. 

Class  I.      Bcma  of  Classification  —  The  Physicfd  Nature  of  the 

Constituents. 

Conglomeratic. 

Sandy  or  arenaceous. 

Clayey  or  argillaceous. 

Compact. 

Etc. 


1.  Fragmental.  (Detrital,  Clastic.) 


2.  Crystalline. 


Granular  or  phanero-crystalline. 

Crypto-crystalline. 

Porphyritic  (the  above  combined). 


Class  IT.     Basis  of  Classification  —  The  Structure  of  the  Mass. 

Massive. 
Schistose. 
Shaly. 
Slaty. 
Laminated. 
Etc. 

Class  III.  ^  Basis  of  Classification  -—  Coherence. 

Tenaceous,  firm,  compact,  etc. 
Incoherent,  friable,  uncompacted,  etc. 
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Class  IV.    Bads  of  Claadjication  —  Chermcal  Nature. 

Silicious. 
Calcareous. 
Ferruginous. 
Carbonaceous. 
Etc. 

Class  V.    Bads  of  Clasaijication — Mineral  Constitution. 

Quartzoso. 
Micaceous. 
Pyritiferous. 
Gametiferous. 
Staurolitio. 
Chloritic. 
Etc. 

Class  VI.    Basis  of  ClassifcaHon  —  I/ithologicaZ  Character. 

Granitic. 
Basaltic. 
Porphyritic. 
Trachytio. 
Dioritic. 
Etc. 

Class  VIL    Basis  of  Class{fica;tion  —  Origin. 

Igneous. 

Aqueous. 

Metamorphic. 

Pseudomorphic. 

^olian. 

Etc. 

B.  Nominal. 

Class.  I.    Basis  of  ClassifcaMon  —  Physical  Form  of  the   Con* 
sHtuents  (Tnad^rdy). 

(  Pudding  stone. 
Conglomerate.    \  Gravel  (incoherent  conglomerate). 

[  Breccia. 
Grit,  grit-rock,  sand,  sandstone,  sandrock,  clay,  mud,  silt, 

earth,  alluvium,  soil. 
Till. 
Tufa. 
Etc 
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Or  again. 

Crystallites. 

Clastites. 

Aggregites. 

The  terms  of  the  last  group  may  be  defined  as  follows : 

CrystaUUeSj  those  rocks  that  are  crystalline  in  structure; 

OlastiteSj  those  which  are  fragmental  or  detrital  in  origin; 

Aggregitesy  those  which  are  simply  accumulations  of  individual- 
ized particles  of  matter  —  coherent  or  incoherent — neither  crystal- 
line nor  detrital  in  origin,  as,  infusorial  earth,  or  chalk,  so  far  as  it  is 
composed  of  imcomminuted  rhizopod  shells; 

AmorphiteSy  those  in  which  there  are  no  discernible,  individualized 
constituents. 

Class  IL    Basis  of  Classification  —  St/ruc^re  of  the  Mass. 

Schist. 
Shale. 
Slate. 
Etc. 

Or  again. 

Stratified. 
CTnstratified. 

Class  III.    Basis  of  dassificaiion  —  The  Crystalline  Chxtracter  of 
the  Constit/uents. 

Granite  (crystals distinct). 
Granulite  (crystals  minute). 
Aphanite  (no  visible  crystals). 
Porphyry  (crystals  in  compact  base). 

It  is  proposed  to  restore  the  term  granite  to  its  proper  etymologi- 
cal use,  and  apply  it  to  rocks  consisting  of  distinct,  crystalline  grains 
of  medium  or  large  size,  and  to  deprive  it  of  mineralogical  significa- 
tion, making  it  a  term  denoting  simply  a  certain  class  of  crystalline 
aggregates. 

It  is  proposed  to  designate  minutely  granular  crystalline  rocks  by 

the  diminutive  term  granulite,    Aphanite  may  then  be  more  freely 

used  to  include  all  crypto-crystalline,  or  at  least  micro-crystalline 

rocks,  vf\n\!b  porphyry  will  embrace  combinations  of  the  last  with  the 

two  former. 

You  I— 8 
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Ci;.Ass  IV.    Basis  of  Classification  —  Physical  Characters. 

Trachyte. 
Khyolite. 
Pumice. 
Scoria. 
Phonolite. 
Buhrstone. 
Pearlstone. 
Etc. 

Class.  V.    Basis  of  Classification  —  Origin. 

Lava. 
Trap. 

Meta  ( ). 

Igno( ). 

Aquo  ( ). 

There  is  a  very  prevalent,  fifnd  for  the  most  part  just,  prejudice 
against  the  use  of  the  term  trap^  arising  from  the  frequent  misuse 
of  the  name,  as  though  it  conveyed  a  mineralogical  signification, 
whereas  the  term  really  has  none,  and,  in  its  proper  application,  in- 
cludes rocks  of  various  mineralogical  and  chemical  constitution. 
But  this  abuse  is  only  an  aggravated  instance  of  what  is  common, 
indeed,  almost  universal,  under  the  present  system  of  nomenclature. 
To  merely  specify  that  a  rock  is  granite^rnsLj  be  to  use  that  term  as 
a  "  cloak  of  ignorance "  in  the  same  sense,  though  perhaps  not  to 
an  equal  degree,  as  to  rest  with  the  assertion  tliat  the  rock  is  a 
"trap;"'  for  the  term  granite  embraces  a  scarcely  less  wide  range 
of  minerals,  or  of  ultimate  chemical  constituents,  and  the  wresting  . 
of  the  term  from  its  primitive  and  proper  application,  is  scarcely 
less  violent.  If,  however,  the  term  traj?  be  stripped  of  all  preten- 
sion to  mineralogical  signification,  and  confined  to  the  simple  desig- 
nation of  rocks  formed  of  molten  matter,  that  issued  through 
fissures,  either  constituting  dikes  or  spreading  out  into  sheets,  and 
so  incidentally  giving  rise  to  steplike  topography,  as  distinguished 
from  lavas  that  have  arisen  from  craters,  and  have  flowed  away  in 
radial  streams,  with  the  attendant  structural  distinctions  between 
the  two,  it  will  serve  a  convenient  function  in  the  literature  of  the 
subject,  without  being  a  "cloak  of  ignorance"  in  any  other  sense 
than  lara  is,  or  many  other  general  and  very  convenient  and  neces- 
sary terms. 

There  will  doubtless  arise  many  cases  in  which  it  will  be  impos- 
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sible  to  determine  the  method  of  issuance  of  a  given  rock,  and 
neither  the  term  lava  nor  trap  could  be  used  in  the  restricted  sense 
here  proposed,  and  there  may  be  little  fundamental  distinction  be- 
tween the  phenomena  in  the  two  cases.  But  both  the  distinction 
and  the  terms  are  serviceable  in  geological  literature,  when  stripped 
of  the  pretentious  clothing  to  which  they  have  no  title. 

Prof.  Dana  has  suggested  that  metamorphic  rocks  be  designated 
by  the  prefix  inetor.  If  this  were  generally  adopted,  it  would  doubt- 
less be  serviceable.  But  the  limitations  of  knowledge  being  such  as 
they  are,  it  would  seem  almost  necessary  to  introduce  a  correspond- 
ing prefix  to  indicate  similar  rocks  of  igneous,  or  aqueous  origin. 
For  if  the  simple  name,  as  diorite^  for  example,  be  understood  to 
imply  an  igneous  origin,  and  the  compound  term,  meta-diorite^  a  meta- 
morphic one,  it  would  be  necessary,  in  the  very  naming  of  the  rock^ 
to  assert  an  opinion  as  to  its  origin.  But  in  many  cases  it  is  impos- 
sible to  positively  determine  the  origin  of  a  rock  whose  other  char- 
acteristics are  very  well  known;  and  there  would  be  no  convenient 
term  to  express  this  knowledge,  without  implying  knowledge  not 
possessed.  In  respect  to  granite,  for  instance,  it  is  contended,  sever- 
aUy,  by  able  geologists,  that  it  may  have  an  igneous,  an  aqueous,  or 
a  metamorphic  origin,  and  yet,  in  many  instances,  the  working 
geologist  would  not  feel  at  liberty  to  assert  that  a  given  granite 
belonged  to  either  class ;  and  it  would  be  a  sore  inconvenience  to  be 
obliged  to  make  an  implied  assertion  upoi\  the  subject,  or  else  be 
shut  out  wholly  from  the  use  of  the  term  granite. 

If,  therefore,  the  system  of  introducing  prefixes  to  designate  origin 
be  adopted  at  all,  it  should  be  complete,  and  yet  leave  the  working 
geologist  at  liberty  to  use  the  fundamental  term,  free  from  the  added 
signification.  It  is  hence  suggested  that  the  term  mdiir  be  used  as  a 
prefix  when  it  is  desired  briefly  and  conveniently  to  assert  a  meta- 
morphic origin;  that  the  prefix  igno-  be  used  similarly,  to  assert  an 
igneous  origin ;  and  aquo^  in  like  manner,  to  imply  an  aqueous  origin ; 
while  the  simple  terms  shall  have  merely  their  own  niineralogical  or 
other  appropriate  signification. 

Class  V  will  then  embrace  the  terms  lava  and  tvapj  used  to  desig- 
nate rocks  of  certain  special  eruptive  origins,  and  a  long  list  of 
terms  to  which  the  prefixes  metar^  igno-  and  aquo-  are  attached,  to 
signify  respectively  metamorphic,  igneous,  and  aqueous  origin. 

The  foregoing  terms  furnish  fair,  though  somewhat  inadequate, 
facilities  for  the  designation  of  the  several  classes  of  properties  indi-  * 
cated  under  the  headings. 

There  remains  to  be  added  a  series  of  terms  which  shall  express 
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the  mineralogical  constitution  of  rocks,  which  is  by  far  their  most 
unportant  characteristic.  It  is  in  respect  to  this  that  our  present 
practice  is  weakest,  and,  from  the  fact  that  it  attempts  to  impoi^e 
fixed  names  upon  indefinitely  varying  aggregations,  must  necessarily 
ever  remain  unsatisfactory.  It  is,  therefore,  proposed  to  escape  this 
diflBculty  by  the  use  of  a  system  of  flexible  compound  terms,  which 
shall  admit  of  variation  to  express  varying  composition,  and  roughly, 
'  the  varying  quantitative  relations  of  the  mineral  ingredients.  As 
above  indicated,  the  growing  tendency  in  lithological  literature  is 
toward  the  employment  of  compounds  of  mineralogical  names. 
The  advantage  of  this  in  clearness  and  precision,  as  well  as  in  the 
convenience  of  the  reader,  is  manifest.  But  it  results  in  cumbersome 
terms,  and  if  carried  sufficiently  far  to  overcome  the  defects  of  the 
present  system,  becomes  burdensome.  This,  however,  may  be  obvi- 
ated by  a  series  of  contractions  which  shall  retain  a  significant  por- 
tion of  the  mineralogical  name  without  the  burden  of  its  entirety. 
For  the  sake  of  euphonious  combinations,  these  contractions  may  be 
varied  somewhat  in  their  several  combinations.  The  following  are 
suggested  as  available  abbreviations  for  the  names  of  the  leading 
minerals  that  enter  into  the  composition  of  our  native  rocks,  and  it 
will  not  be  difficult  to  extend  the  list  to  other  minerals  that  may,  in 
the  case  of  other  rocks,  become  prominent  lithological  constituents: 

Abbreviations    of   the^  Names    of    Minerals   CoNSTnunNO   Our 

Nativb  EookS: 

Quartz  —  Qua.,  or  qu. 
Feldspar — Fel. 

Orthoclase  —  Orth.,  or  ortho. 

Microcline  —  Micr.,  or  micro. 

Oligoclase — Olig.,  or  oligo. 

Labradorite  —  Lab.,  labra.,  or  labrad. 

Albite — Al.,  alb.,  or  albi. 

Andesite — And.,  or  andes. 
Mica  —  Mi. 

Muscovite  —  Muse,  or  musco. 

Biotite — Bio.,  or  bi. 

Hydroraica — Hydrom.,  or  hydromL 
Amphibole  —  Amph.,  or  ampht. 

Hornblende  —  Horn.,  or  'om. 

Actinolite  —  Act.,  or  actin. 

Tremolite  —  Trem.,  or  tremo. 
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Pyroxene — Py^.,  pyro.|  or  pyrox. 
Augite — Aug.,  or  augi. 
SahHte— Sahl. 
Diallage — Dial 

Epidote — Ep.,  epi.,  or  epid. 

Garnet  —  Gar.,  garn.,  or  gamu 

Chrysolite  —  Chrys.,  or  chryso. 

Olivine  —  Oliv.,  or  olivi. 

Calcite  —  Calc,  or  calci. 

Chlorite  —  Chlo.,  or  chlor. 

Pyrite — Pyri.,  or  pyrit. 

Magnetite — Mag.,  magn.,  or  magne. 

Hematite  —  Hem.,  or  heraa. 

Menaccanite  —  Menac.,  or  menacca. 

Tourmaline  —  Tour.,  or  tourma. 

Graphite — Graph.,  or  graphL 

Apatite  —  Ap.,  or  apa. 

Andalusite  —  Andal.,  or  andalu. 

Sericite  —  Seri.,  or  Seric. 
In  the  combin&tion  of  these,  it  is  suggested  that  the  leading  con- 
stituent stand  first  and  that  the  others  follow  in  the  order  of 
importance.  In  crystalline  rocks,  there  will  often  be  present  min- 
erals in  small  and  varying  quantities,  which  it  will  be  neither  conven- 
ient nor  desirable  to  include  in  the  compound  name  of  the  rock,  but 
which  should  be  regarded,  as  they  now  commonly  are,  as  accessory 
minerals.  There  may  be  little  philosophical  basis  for  this  distinc- 
tion, since  the  rock  is  at  best  but  an  aggregate,  and  is  what  it  is  by 
virtue  of  the  total  aggregation,  and  not  by  virtue  of  any  definite 
composition,  as  in  the  case  of  a  mineral  or  chemical  compound. 
Nevertheless  these  minor  mineral  constituents  do  not,  in  the  main, 
represent  any  distinctive  condition  in  the  formation  of  the  rook,  but 
rather  some  of  those  accessory  circumstances,  common  to  a  wide 
range  of  rock-formation.  They  are,  therefore,  geologically  inci- 
dental, rather  than  essential  conditions,  and  their  products  may, 
therefore,  be  omitted  from  the  compound  name,  and  classed  as  ac- 
cessory minerals,  and  as  such,  receive  attention  in  exhaustive 
descriptions,  without  burdening  the  more  general  discussions.  It 
will,  of  course,  be  within  the  discretion  of  each  writer,  to  decide  in 
the  case  of  a  given  rock,  what  are  its  essential,  and  what  its  trivial 
constituents. 

In  this  system  no  uniform  terminal  syllable  is  proposed.    It  may 
be  doubted  whether  lithologists  will  take  kindly  to  this  innovation, 
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since  it  is  at  variance  with  the  prevalent  custom  of  terminating 
rock-names  with  an  ite  or  an  yte,  after  the  fashion  of  mineralogical 
terms.  A  grave  objection  to  the  osage,  however,  arises  oat  of  the 
very  fact  of  this  imitation,  since  it  implies  something  of  the  same 
deliniteness  of  constitution  that  the  mineral  possesses ;  and  this,  I 
believe  it  is  almost  universally  conceded,  is  a  false  and  mischievous 
idea.-  It  seems  to  the  writer,  therefore,  best  that  the  name  should 
imitate  the  complex  aggregation  of  the  rock  which  it  designates, 
rather  than  the  individualized  character  of  a  mineral  to  which  it 
has  only  the  semblance,  not  the  substance  of  a  just  claim. 

The  following  series  of  proposed  names  will,  therefore,  consist  of 
a  bare  aggregation  of  abbreviations  of  the  names  of  the  mineral 
constituents  of  the  given  rocks,  in  the  order  of  their  relative 
importance,  thus  both  representing  and  defining  the  rock,  without 
pretension  to  individualization.  The  oddness  of  the  names  may  at 
first  be  taken  for  uncouthness,  which  indeed  will  be  justly  charge- 
able in  some  cases,  but  the  quaint  elegance  of  other  instances  will 
offer  some,  if  not  full,  compensation.  The  uniformity  —  not  to  say 
monotony  —  given  by  the  fashionable  suffix,  will  be  lost,  but  a 
vivacious  variety  will  be  gained.* 

The  application  of  the  system  may  be  illustrated  by  the  familiar 
rock  granite.  Its  composition  is  generally  stated  as  quartz,  feld- 
spar, and  mica.  Assuming,  for  the  moment,  that  no  more  precise 
statement  is  desired,  and  that  the  relative  amounts  of  the  ingredi- 
ents are  in  the  order  given,  its  name  under  the  proposed  system  will 
be  qiiorfel-mi  (qudfelmi).  If,  however,  as  is  very  frequently  the 
case,  feldspar  is  the  leading  ingredient,  and  quartz  second  in  order 
of  importance,  the  name  will  be  fel-qua-mi  (fclquaint).  Should 
mica  stand  second  in  importance,  the  formula  would  be  fd-mi-qxia 
(felmiqua)j  and  so  on  for  other  variations.  In  this  case,  mica 
rarely  assumes  the  leading  place  without  removing  the  rock  from  the 
present  category  of  granites.  IJut  under  the  proposed  sj'stem,  the 
nomenclature  will  adhere  strictly  to  the  mineralogical  constitution 
and   the  compound   terms  ini^fel-qua   (inifelquu)^   and  nii-qua-fel 

*  An  alternative  series  of  names  was  proposed  in  the  original  paper,  more  in 
harmony  with  the  present  habit,  both  in  respect  to  uniformity  of  termination, 
and  the  order  of  arrangement  of  the  constituents,  which  is  that  of  the  inverse 
order  of  importance,  the  most  important  mineral  being  last,  and  receiving  the 
termination.  The  suggestion  of  Prof.  Dana  that  the  terminal  syUable  of  the 
names  of  rocks  should  be  yte^  to  distinguish  them  from  minerals  of  the  &aai\i 
name,  ending  in  ite,  would  be  important  in  this  case,  from  the  prevalence  of  tlie 
use  of  mineralogical  names.  It  has  not  been  adopted  in  tliis  report  in  the  use 
of  old  names. 
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(fnhqu<tf€l)y  will  represent  the  preponderance  of  mica  in  this  mineral 
aggregation,  and  the  structure  will  be  represented  by  an  appropriate 
adjective,  B!&  foliated  m%felqua^  or  schistose  mxquafd  or  miquafd 
scAistj  as  the  case  may  be. 

But  the  mere  indication  that  the  granite  is  composed  of  quartz, 
feldspar,  and  mica,  may  be  quite  too  general  for  precise  discussion, 
since  it  does  not  indicate  which  feldspar,  nor  which  mica,  nor  whether 
more  than  one  of  either  or  of  both  is  present.  The  more  precise  of 
the  text-book  definitions  of  granite  rarely  go  beyond  the  statement 
that  it  is  composed  of  quartz,  orthoclase  and  mica.  If  this  is  the  de- 
gree of  precision  chosen  to  be  asserted,  the  new  terms  will  be,  qu^- 
ortA^mi  (quorihini)^  or-tho-qucnni  (orthdquarrii)y  mic-ortho^ua  (mic- 
orthoqttaj,  qtia-mic-orth  (qucimicorth)y  ortho-mi^ua  (oHhoiniqua),  or 
mirqy^orth  (miquorth)^  according  as  the  relative  proportions  may  be. 
But  the  mica,  instead  of  being  common  imiscouite,  which  would 
doubtless  be  understood  by  the  general  term,  may  be  iiotite.  In  this 
case  the  names  will  be,  qu*ot*tho-lno  (quorthobio)^  ortho-qua-hio  (ortho- 
qudbio),  birort/uhqiia  (hiort/ioqua),  and  so  on,  according  to  the  rela- 
tive proportions. 

If,  as  is  occasionally  the  case,  there  are  four  or  more  constituents, 
the  names  will  assume  uncomfortable  complexity,  but  not  more  so 
than  Nature's  products  which  they  represent,  nor  more  so  than  some 
far  less  significant  terms  now  in  use.  By  modifications  of  the  ab- 
breviations which  will  not  destroy  their  distinctive,  representative 
character,  diflBcult  vocal  combinations  may,  for  the  most  part,  be 
avoided,  and  euphonious  terms  secured. 

The  system,  it  will  be  observed,  is  quite  analogous  to  that  adopted 
by  chemists,  to  meet  the  complexities  of  carbon  compounds,  but  will 
rarely  need  to  approach  it  in  cumbersome  combinations. 

The  foregoing  perhaps  sufficiently  illustrate  the  method  of  the 
system,  its  extreme  flexibility,  and  consequent  adaptability  to  the 
variations  of  rock  combination,  the  self-definitiveness  of  the  terms, 
and  their  mnemonic  advantages  with  students,  as  well  as,  on  the 
other  hand,  something  of  the  cumbersome  complexity  and  quaint- 
ness  which  will  sometimes  arise  where  exact  nomenclature  is 
attempted. 

In  the  following  lists  no  attempt  is  made  to  exhibit  the  complete 
variations  under  the  several  rocks,  but  simply  to  give  the  names  under 
the  two  systems,  assuming,  usually,  that  the  common  order  of  nam- 
ing the  ingredients  is  that  of  their  relative  abundance.  The  verbal 
combinations  that  would  arise  with  other  proportions  and  other 
rocks  can  be  readily  constructed. 
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Old  Names,  Proposed  Names, 

Granite  (general) Fel-qua-mi,  qua-f el-mi,  etc. 

Granite  (specific) Ortho-qua-musc,  qu*ortho-musc,  etc. 

Ortho-qua-bio,  qu*ortho-bio,  etc. 

Granulite Fel-qua  or  qua-fel. 

Gneiss  (general) Foliated  mi-qua-fel,  fel-mi-qua,  qua^mi-fel,  etc. 

Gneiss  (specific) Foliated  musc-ortho-qoa,  ortho-mus-qua,  qua- 

musc-orth,  etc. 
Foliated    bi-ortho-qua,    Ortho-bio-qua,    qua-bi- 

orth,  etc. 
Mica  schist  (general) Schistose  mi-fel-qua,  mi-<}ua-fel,  mi-qua,  mi-fel, 

etc.,  or  mi-fel  schist,  mi-qoa  schist,  or  simply 

mica  schist 

Mica  schist  (specific) Schistose  musc-ortho-qua,  bi-ortho-qua,  etc. 

Hydromica  schist  (general)..    Schistose    hydromi-qua-fel,   hydromi-qua,     hy- 

dromirfel,  etc. 
Sericite  schist  (specific) Sericite  schist,  schistose  seri-qua,  or  seri-qua 

schist 

Protogine Qu'orth-mi-chlor. 

Greisen  (general) Granular  qua-mi. 

Felsite Felsit 

Quartz-f elsite  (general) Felsi-qua. 

Kcrsantite  (specific) Bi-olig. 

Syenite  (general) Fel-amph,  or  amphi-feL 

Syenite  (specific) Ortho-horn,  or  hom-orth. 

Quartz  syenite  (general) Fel-amphi-qua,  amphi-fel-qua,  etc. 

Quartz  syenite  (specific) Ortho-nom-qua,  hom-ortho-qua,  eta 

Syenite  gneiss Foliated  ortho-horn,  or  hom-orth. 

Diorite  (general) Plagi-amph  or  amphi-plag. 

Diorite  (specific) Labra-hom,  oligo-hom,  auortho-horn,  etc 

Quartz  diorite  (general) Plagi-amphi-qua,  amphi-plagi-qua,  etc. 

Quartz  diorite  (specific) Labra-hom-qua,  oli^-hom-qua,  etc. 

Andcsite Ande-horn  or  andesite. 

Gabbro Labra-dial  or  dial-lab. 

Dolerite  or  diabase  (general). .     Plagi-pyr  or  pyro-plag. 

Dolerite  or  diabase  (specific). .    Labrad-aug,  oUg-aug,  anorth-aug,  etc. 

In  pronunciation,  the  accent  should  be  placed  upon  such  syllables 
as  will  best  preserve  the  original  sounds  of  the  abbreviations,  so  far 
as  convenience  of  utterance  will  permit. 

Since  a  gradual  transition,  advantageous  at  all  stages,  is  to  be  pre- 
ferred to  a  sudden  revolution,  it  is  suggested  that  the  new  terms  may- 
be introduced  in  lithological  discussions  in  parentheses  after  the  com- 
mon names.  The  new  terms  will  thereby  not  only  serve  as  defini- 
tions of  the  old,  as  used,  but  as  succinct  statements  of  the  composition 
of  the  special  rocks  described,  which  is  often  but  vaguely  indicated 
by  the  common  names.  This  will  often  permit  a  shortening  of  de- 
scriptions, and  will  certainly  foster  precision  of  observation  and 
statement,  while  (if  a  brief  explanation  of  the  system  and  a  list  of 
abbreviations  are  given  until  they  become  weU  known)  it  will  greatly 
serve  the  convenience  of  students,  semi-scientific  readers,  and  not  a 
few  geologists  who  may  not  be  specialists  in  lithology,  and  not 
freshly  familiar  with  its  drifting  terms.  The  system  would  thus 
have  opportunity  to  perfect  itself  while  growing  into  general  use. 
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An  attempt  has  been  made  to  render  most  of  the  terms  employed 
in  the  body  of  this  volume  intelligible  to  non-professional  readers 
by  the  connection  in  which  they  are  used,  deeming  this  the  most 
convenient  and  serviceable  method  of  definition.  It  may  be  helpful 
to  students,  however,  to  introduce  here  a  few  definitions  of  the 
more  important  special  terms  used. 

Metamorphism  (Chomge  of  form).  This  term,  in  its  widest 
sense,  is  applicable  to  any  change  of  form  which  a  rock  undergoes 
subsequent  to  its  original  formation.  It  is  usually,  however,  con- 
fined to  the  chahge  of  ordinary  sedimentary  rock  into  the  corre- 
sponding crystalline  rock,  as  the  change  of  common  limestone  into 
statuary  marble,  of  sandstone  into  quartzite,  of  clayey  sandstone 
and  sandy  shales  into  gneisses,  mica  schist,  etc.,  of  the  more  basic 
clays  into  hornblendic  and  allied  rocks,  and  similar  changes  in  other 
varieties  of  sedimentary  deposits.  These  changes  when  they  affect 
large  areas  are  held  to  be  the  result  of  the  combined  action  of 
(1)  heat,  (2)  pressure,  and  (3)  water,  more  or  less  mineralized  with 
earthy  and  alkaline  salts.  Of  these,  pressure  may  be  regarded  as 
the  determining  circumstance,  since  water  is  universally  present  in 
the  strata,  and  heat  is  generated  by  pressure,  so  that,  given  the  nec- 
essary pressure,  the  remaining  conditions  would  everywhere  be 
found  present. 

The  degree  of  metamorphic  change  varies  greatly  in  different  in- 
stances and  in  that  way  exhibits  all  stages  of  the  process.  In  some 
instances  the  granules,  pebbles,  ripple  marks,  lamination  and  fossils 
of  the  original  sedimentary  beds  remain  undestroyed,  and  there  is 
no  room  for  doubt  as  to  the  previous  character  of  the  formation. 
In  other  instances  these  have  been  obliterated  by  the  more  complete 
crystallization  which  has  taken  place,  but  the  main  bedding  lines 
and  the  coarser  features  of  the  original  stratification  still  remain  to 
indicate  its  pre\dous  character.  In  some  instances  a  foliated  or 
slaty  structure  has  been  produced  by  the  pressure,  and  this,  instead 
of  the  original  sedimentary  lines,  determines  the  cleavage  of  the 
rock.  In  a  still  higher  degree  of  metamorphism,  the  original  bed- 
ding which  sediments  naturally  take  has  entirely  disappeared,  but 
each  great  stratum  of  rock  remains  distinct  from  the  adjacent  ones. 
In  the  last  degree  of  metamorphism  the  whole  of  the  original  sedi- 
mentary structure  is  destroyed,  and  the  mass  of  the  rock  is  changed 
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into  a  homogeneous  crystalline  formation,  such  as  the  massive 
granites,  syenites,  etc.,  some,  at  least,  of  which  are  probably  of 
metamorphic  origin. 

Local  metamorphism,  producing  results  very  similar  to  general 
metaraorphism,  is  sometimes  observed  adjacent  to  intruded  masses  of 
igneous  rock,  and  is  undoubtedly  due  to  heat  derived  from  the  in- 
trusion and  is  apparently  not  due  to  any  exceptional  pressure.  At 
*  great  depths  metamorphism  may  perhaps  take  place  through  the 
agency  of  intense  heat  aided  by  the  gravity-pressure  of  the  over- 
lying rock.  This  has  even  been  maintained  to  be  the  explanation 
of  general  metamorphism,  a  view  in  which  we  do  not  coincide,  since 
general  metamorphism  is  almost  universally  associated  with  inde- 
pendent evidences  of  horizontal  pressure  manifesting  itself  in  the 
folding,  crumpling  and  compacting  of  the  strata. 

Metasomatosis  (Change  of  hodij).  There  is  another  class  of 
metamorphic  changes  to  which,  however,  the  unmodified  term  is  not 
usually  applied,  and  for  which  no  special  term  is  in  common  use. 
The  terms  "  metasomatosis  "  and  "  methylosis,"  signifying  change  of 
hody  and  change  of  avbstance^  in  distinction  from  metamorphosis, 
signifying  change  of  form,  have  been  proposed,  and  to  a  limited 
extent  used.  The  changes  embraced  under  these  terms  are  those  in 
which  the  substance  of  the  rock  is  affected,  with  or  without  the 
change  of  its  form.  Familiar  instances  of  metasomatic  changes  are 
found  in  the  "  petrifaction  "  of  wood,  or  the  "  silicification  "  of  fos- 
sils, where  the  original  substance  is  removed  particle  by  particle  and 
a  new  substance  deposited  in  its  place.  In  this  way  there  may  be  an 
entire  change  of  composition,  while  the  form  remains  unaltered. 
In  other  and  more  common  instances  partial  changes  of  substance 
only  take  place.  The  complex  silicated  rocks  have  almost  univers- 
ally been  modified  in  some  degree  by  water,  bearing  free  oxygen, 
carbonic  acid  and  various  substances  in  solution.  These  are  for  the 
greater  part  slow  changes  that  have  been  constantly  in  progress  from 
the  earliest  ages  and  are  still  in  activity.  A  special  case  under  this 
head  is  Pseudomorphism.  This  term  is  applied  to  those  cases  in 
which  2i  false  fonn  is  produced  by  the  change  of  one  mineral  into 
another,  or  the  replacement  of  one  by  another,  particle  by  particle, 
without  in  either  case  destroying  the  original  form.  This  term  is 
strictly  applicable  to  minerals  rather  than  to  rocks,  but  where  a  large 
mass  of  a  formation  is  changed  in  this  way,  it  amounts  to  a  pseudo- 
morphism of  the  rock. 

Terrane,    It  is  often  convenient  to  speak  of  a  continuous  series 
of  rocks  of  a  region  in  a  general  compendious  way,  especially  in 
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the  case  of  igneous  and  complex  metamorphio  rocks,  or  confused 
intermixtures  of  these,  and  the  term  ierrcme  is  sometimes  used  to 
designate  such  a  series. 

Dikes.  Eocks  are  sometimes  fractured  and  pushed  apart  by 
molten  rock  forced  up  from  below,  which  on  cooling  forms  vertical 
sheets  intersecting  the  strata  and  known  as  dikes.  In  brief,  they 
may  be  said  to  be  ^A^  igneous  filling  of  fissures.  These  are  usually 
only  a  few  feet  in  thickness,  but  are  sometimes  a  hundred  feet  or 
more. 

Teins,  When  fissures  are  either  entirely  or  partially  filled  by 
material  deposited  by  infiltrating  waters  or  from  a  vaporous  state, 
such  formations  are  termed  veins.  The  term  is,  however,  somewhat 
loosely  applied  to  any  belt  of  rock  that  is  specially  mineralized, 
particularly  if  it  is  metalliferous.  Gangue  is  the  name  applied  to 
the  spars  and  other  rock-like  constituents  of  a  vein  in  which  ore  is 
deposited. 

Beach  Strncture.  The  varying  strength  and  constantly  shifting 
action  of  waves  on  exposed  beaches  gives  rise  to  very  uneven  de- 
posits, consisting  of  irregularly  alternating  layers  of  material,  of 
various  degrees  of  coarseness,  stratified  in  various  oblique  directions. 
The  deposits  are  often  partially  worn  away,  after  being  made,  by 
the  changes  in  the  strength  and  direction  of  the  waves,  and  so  the 
layers  are  frequently  cut  off  and  new  ones  laid  against  them  in  dif- 
ferent attitude^  forming  cross  or  discordant  lamination.  Some 
special  forms,  as  the  eHb  and  fiow  structure^  produced  by  tides,  and 
the  fi>ow  and  plunge  structure,  produced  by  violent  wave  action,  are 
distinguished. 

Ripple  Marks  are  the  little  ridgelets  formed  in  sand  or  mud  by 
the  action  of  waves  on  beaches  and  shallow  bottoms.  They  are, 
therefore,  proof  of  the  sedimentary  origin  of  the  rocks  on  which 
they  occur,  not  only,  but  show  also  that  the  deposition  took  place  in 
comparatively  shallow  water. 

Bill  Marks.  Rills,  especially  those  following  outgoing  tides,  fur- 
row the  sand  or  mud,  particularly  in  flowing  over  a  pebble,  shell  or 
other  obstruction.  Such  grooves  where  preserved  constitute  riU 
marks. 

Mud  Cracks.  Rocks  made  of  clayey  or  earthy  material  sometimes 
show  markings  precisely  similar  to  cracks  in  common  mud,  save  that 
the  cracks  are  filled.  They  indicate  that  the  deposit  took  place  as  a 
mud  flat,  at  times  exposed  to  drying  and  again  buried.  They  were 
probably  usually  estuary  bottoms  alternately  covered  and  exposed 
by  the  tides. 
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Dip.  Strata  are  rarely  exactly  horizontal.  The  degree  in  which 
they  slope  in  any  direction  is  termed  their  dip. 

Strike.  The  trend  of  strata,  i.  e.  the  direction  of  their  hori- 
zontal edges,  or  of  a  horizontal  line  in  them,  is  termed  the  strike.  It 
is  always  at  right  angles  with  the  line  of  dip. 

Anticlines.  Synclines.  If  strata  are  folded  upwards  so  as  to 
dip  in  opposite  directionSj  an  anticlinal  axis  or  anticline  is  formed. 
Similarly,  a,  downward  fold,  causing  the  beds  to  dip  toward  each 
other,  gives  rise  to  a  syncHmud  axis  or  syndine. 

Unconformity.  If  strata,  after  being  formed,  are  tilted  and  ex- 
posed so  that  a  portion  is  worn  away,  and,  subsequently,  other  beds 
are  laid  down  upon  or  against  them,  the  latter  usually  have  a  differ- 
ent dip  and  are  said  to  be  unconformable. 

Faults.  Strata  are  sometimes  deeply  fractured  and  one  side  is 
depressed  or  raised,  so  that  different  beds  lie  opposite  each  other. 
Such  displacements  are  called  favUs. 
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CHAPTER  ni. 

PRE-LAUEENTIAN  HISTORY. 

The  Foundation.  The  natural  masonry  of  Wisconsin  is  laid  on  a 
granitio  foundation.  The  lowest  accessible  rocks  constitute  the 
"  fundamental  gneiss  "  of  the  older  geologists.  Upon  this  hard  and 
firm  foundation,  the  other  known  rock  series  of  the  State  are  piled. 
Layer  upon  layer  the  rqcky  architecture  of  the  State  was  built  upon 
it.    Our  task  is  the  narration  of  its  building. 

The  Oldest  Known  Bocks.  In  stricter  geological  terms,  this 
^^fundamental  gneiss"  consists  of  an  immense  series  of  granites, 
gneisses,  syenites,  and  homblendic,  micaceous,  chloritic  and  allied 
crystalline  rocks.  It  is  not  "  fundamental "  in  the  sense  of  being 
primitive ;  for  these  rocks  bear  within  themselves  decisive  evidence 
that  they  were  once  sediments,  derived  from  the  wear  of  earlier 
rocks.  But  concerning  these  earlier  rocks,  observation  has,  as  yet, 
given  us  no  positive  knowledge.  Nowhere  are  they  known  to  be 
exposed  at  the  surface.  Whether  they  belong  to  the  supposed  orig- 
inal crust  of  the  earth,  or  whether  they  were  themselves  derived  by 
waste  and  wear  from  still  older  rocks,  is  at  present  wholly  unknown. 
But  we  confidently  reason,  that,  tracing  the  series  backward, 
whether  through  one  or  more  stages,  we  should  at  length  arrive  at 
the  primitive  surface  of  the  great  earth-mass.  For,  while  it  may 
not  be  strictly  demonstrable,  yet  it  is  the  current  belief  of  geolo- 
gists and  physicists,  that  the  entire  rock-substance  of  the  earth  was 
once  in  a  molten  condition,  and  that  on  cooling,  it  solidified,  giving 
rise  to  a  primitive  rock  from  which  the  greater  portion  of  the  sedi- 
ments of  all  subsequent  geological  formations  was  derived,  through 
the  simple  and  familiar  agencies  of  atmospheric  disintegration,  and 
the  wash,  wear  and  solvent  action  of  water. 

There  is  no  trustworthy  evidence  that  any  accessible  portion  of 
the  earth's  present  surface  belongs  to  this  primitive  crust,  and  the 
faUure  of  continued  exploration  to  discover  it  leaves  only  a  waning  ' 
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hope  that  it  will  ever  be  found.  Could  we  but  place  our^ielves  upon 
it,  and  sketch  thence  geological  growth  through  the  ages,  we  might 
well  content  ourselves  with  so  firm  and  rational  a  beginning,  and 
leave  the  earlier  history  of  the  globe  to  the  astronomer  and 
physicist. 

Hypothetical  Early  History.  But  the  insatiable  spirit  of  human 
inquiry  is  forever  pushing  thought  beyond  the  clear  and  safe  realm 
of  known  truth  into  the  mists  and  uncertainties  of  a  doubtful 
antiquity.  We  may  yield  to  this  prompting  so  far  as  to  briefly 
sketch,  for  the  young  student,  the  more  rational  views  concerning 
those  earlier  stages  of  the  earth's  history,  which,  confessedly,  lie 
beyond  the  domain  of  strict  science.  Let  it,  therefore,  not  be  for- 
gotten that  it  is  a  sketch  of  belief,  rather  than  of  knowledge. 

FactJt  Siynijicant  of  the  EartK%  Origin.  But  rational  belief  as  much 
demands  evidence  as  knowledge  does  demonstration.  Any  theory 
worthy  of  acceptance,  even  as  a  theory,  must  be  justified  by  the 
facts  the  earth  presents.  Now  our  globe  offers  a  series  of  facts  so 
significant  that  it  does  not  leave  belief  much  room  to  wander.  The 
oblateness  of  the  sphere;  its  internal  heat  and  volcanic  phenomena; 
the  upheaval  of  mountain  hinges  and  continents;  the  subsidence  of 
ocean  basins;  the  breaking,  faulting,  folding,  compacting,  crushing 
and  metamorphism  of  strata,  all  musu  be  embraced,  potentially,  in 
the  supposed  condition  of  the  early  earth.  Even  the  familiar  facts 
of  rotation  and  revolution,  which,  at  first  thought,  because  they  are 
so  familiar  and  so  primal  to  our  usual  conceptions  of  things,  may 
not  seem  to  teach  anything  concerning  the  original  condition  of  the 
earth,  are  yet,  if  critically  questioned,  able  to  render  us  instructive 
answers. 

Signiiicance  of  Rotation.  It  is  now  quite  generally  believed  that 
the  rotation  of  the  earth  has  not  been  uniform  in  rate  throuofhout 
the  earth's  history,  because  there  is  found  to  be  an  agency  in  con- 
stant operation  tending  to  reduce  its  rate.  The  friction  of  the  tides, 
raised  by  the  moon  and  sun,  acts  as  a  brake  upon  the  rotating  earth, 
and,  while  the  effect  of  this  in  any  limited  measure  of  time  is  small, 
the  accumulated  effects,  in  the  vast  lapse  of  the  earth's  duration,  are 
very  important.  ]Mr.  Geo.  II.  Darwin  has  recently  computed  that 
the  earth  once  rotated  in  from  two  to  four  hours.  While  it  may  yet 
be  too  early,  in  the  progress  of  this  new  line  of  investigation,  to 
accept  with  much  confidence  specific  results,  the  general  fact  of 
more  rapid  rotation  at  a  former  time  is  worthy  of  belief. 

But  whence  came  this  once  more  rapid  rotation?  An  assignable 
cause  is  found  in  the  earth's  contraction,  since  the  shrinking  of  a 
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rotating  mass  hastens  its  speed.  That  contraction  has  actually  taken 
place  seems  to  be  clearly  indicated  by  geological  evidence.  Immense 
subsidences  of  the  crust,  measured  by  tens  of  thousands  of  feet,  have 
occurred.  Certain  belts  have  been  folded  into  immense  wrinkles, — 
the  mountain  ranges  of  the  earth.  Gentle  movements  of  the  earth's 
crust  have  been  almost  constantly  in  progress  throughout  geological 
history.  These,  and  attendant  phenomena,  are  thought  to  be 
evidences  of  a  contracting  sphere.  But  the  eflfect  of  the  earth's  con- 
traction in  recent  geological  ages  is  computed  to  be  less  in  acceler- 
ating its  rotation,  than  that  of  the  tides  in  retarding  it,  and  hence  if 
the  former  more  rapid  rotation  were  due  to  contraction,  it  must  have 
been  relatively  more  efficient  in  those  days.  This  would  bo  true  if 
the  earth  were  then  shrinking  from  a  much  hotter,  and  more 
expanded  condition,  especially  if  at  that  time  the  moon  were,  as 
supposed,  a  part  of  the  earth,  when  of  course  the  retarding  lunar 
tides  would  be  wanting.  To  account  in  full  for  the  extraordinarily 
rapid  rotation  which  these  recent  investigations  make  probable,  it 
would  appear  necessary  to  suppose  that,  in  a  still  earlier  period,  the 
matter  of  the  earth  was  in  a  highly  expanded  and  diffused  condition. 
Thus  we  are  led  back  along  one  of  several  lines  of  thought  to  views 
which  postulate  a  highly  dispersed  state  of  matter  in  the  early  ages. 

Conjectured  Early  Condition  of  tJte  EartK 8  Matter.  Pushing  this 
line  of  thought  onward,  it  has  been  conjectured  that  the  matter  of 
the  earth  and  the  solar  system,  and  perhaps  of  the  known  material 
universe,  was,  at  an  early  stage,  in  an  elementary,  gaseous  condi- 
tion. But  modern  thought  is  not  content  to  rest  even  here.  Several 
investigators,  notably  Prof.  Lockyer,  have  recently  assigned  defi- 
nite reasons  for  believing  that  the  so-called  elements,  as  now  known, 
are  not  really  atomic  in  the  ultimate  sense,  but  are  compounds  of 
matter  still  more  elementary.^  This  suggests  the  still  more  extreme 
view  that  the  matter  of  our  system  may  once  have  existed  in  a  state 
even  more  elementary  than  any  substance  now  known  to  us.  We 
are  thus  led  back  by  scientific  speculation  to  a  supposed  primeval 
state  of  matter  quite  as  formless  and  void  as  the  chaos  of  oriental 
cosmogonies. 

The  Testimony  of  the  Heavens,  But  this  is  not  simple  speculation. 
If  we  turn  to  the  heavens,  we  may  find  light  in  their  light.  The 
heavenly  bodies  differ  in  the  color  and  character  of  their  radiance. 
In  the  light  of  the  whitest,  and,  therefore,  probably  hottest  stars, 
the  spectroscope  reveals  mainly  hydrogen,  the  rarest,  and  seemingly 
the  most  elementary  of  all  known  substances.     In  the  less  brilliant, 

1  Comptes  Rendus,  Dec,  1873,  and  Hunt,  Am.  Jour.  Sci.  Feb.,  1882,  p.  128. 
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and,  therefore,  probably  cooler  stars,  there  are 'indications  of  the 
presence  of  the  more  stable  metals,  as  magnesium,  calcium,  sodium 
and  iron.  Still  cooler  ones  are  thought  to  be  indicated  by  the  ap- 
pearance of  other  metals  and  metalloids  and  compounds,  while  in 
the  red  stars  there  are  indications  that  the  metallic  vapors  have  en- 
tered into  combination.  The  stars,  therefore,  seem  to  present  a  pro- 
gressive chemical  complexity,  corresponding  to  their  temperatures. 

In  other  respects  also  celestial  bodies  offer  suggestive  analogies. 
Certain  of  the  nebulae  are  vast  attenuated  masses  of  glowing  gas. 
Others  have  a  condensed  center,  surrounded  by  a  gaseous  envelope 
of  vast  extent.  Still  others  have  less  envelope  and  more  nucleus, 
leading  on  to  the  class  in  which  the  nucleus  becomes  greatly  pre- 
dominant, and  the  envelope  less  important.  Our  own  sun  may  be 
named  here  as  an  example  of  a  great  mass  of  matter  concentrated 
in  the  orb  itself,  but  with  a  vast  glowing  atmosphere  still  surround- 
ing it. 

Eecent  observations  indicate  that  Jupiter  and  Saturn  represent  a 
further  stage  of  condensation,  in  that  they  consist  of  a  hot  central 
mass  surrounded  by  an  extensive,  vaporous,  hot,  but  not  incandes- 
cent atmosphere.^  In  the  Earth  and  Mars  we  have  examples  of 
cool,  solid  globes,  surrounded  by  cool,  gaseous  atmospheres.  The 
moon  represents  a  still  more  extreme  stage  of  condensation,  in 
which  the  entire  visible  mass  is  solid,  and,  if  it  ever  had  any  sensible 
atmosphere,  it  has  entered  into  combination  with  its  substance  or 
been  absorbed  into  its  interior.  In  brief,  the  heavens  present  bodies 
in  all  stages  of  concentration,  from  solid  spheres  to  vast  irregular 
masses  of  attenuated  gas,  and  seem  to  afford  examples  of  forming 
worlds  in  all  essential  stages  of  development. 

So  far  as  the  spectroscope  reveals  the  chemical  constitution  of 
these  bodies,  they  contain  the  same  elements  as  are  found  in  the 
earth,  with  perhaps  rare  exceptions,  and  this  fact  favors  the  view  of 
their  unity  of  origin. 

Even  from  the  solar  system  itself  a  remarkable  array  of  facts 
may  be  gathered  from  the  size,  position,  densities  and  movements  of 
the  bodies  composing  it — notably  the  rings  of  Saturn  and  the 
peculiarities  of  the  satellites  and  asteroids  —  pointing  to  an  evolu- 
tion from  a  common  mother-mass.  But  we  cannot  enter  upon  the 
wide  field  of  details  which  here  opens. 

Evidence  from  Meteorites.  Along  still  another  line  of  thought  we 
are  likewise  led  to  a  belief  in  the  growth  of  the  earth  from  dissemi- 
nated celestial  matter.    We  are  familiar  with  the  fall  of  "  shooting 

1  This  want  of  incandescence  is  only  to  be  understood  of  the  external  portion. 
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stars,'*  little  particles  of  celestial  matter,  that,  in  their  fall,  strike 
the  atmosphere  of  the  earth  with  such  velocity  that  they  ignite,  and 
are  dissipated  in  its  upper  regions.  But  their  dust  at  length  settles 
to  the  ground.  The  earth  daily  gathers  in  several  millions  of  these 
little  particles.  Occasionally  a  larger  mass  is  encountered  which 
descends  bodily  to  the  earth  and  tells  us  something  of  the  matter 
circulating  in  space.  Among  all  that  have  been  examined  no  element 
has  yet  been  found  which  does  not  exist  in  the  earth,  and,  what  is 
more  interesting  and  significant,  several  of  these  elements  are  com- 
pounded into  minerals  like  those  of  the  earth,  such  as  augite,  anor- 
thite,  olivine,  magnetite,  pyrrhotite,  enstatite,  and  chromite.  Some, 
however,  differ  from  any  known  terrestial  compounds. 

It  is  to  be  noticed  that  these  are  minerals  which  commonly  enter 
into  the  constitution  of  our  igneous  rocks,  and  such  as  are  supposed  to 
abound  in  the  original  crust  of  the  earth.  The  existence  of  metallic 
iron  alloyed  with  nickel,  was  once  supposed  to  distinguish  meteorites 
from  all  combinations  native  to  the  earth.  But  nickeliferous  iron, 
associated  with  magnetite,  olivine,  augite  and  feldspar,  as  in  meteor- 
ites, has  recently  been  found  in  the  igneous  rocks  of  Ovifak,  on  the 
island  of  Disko,  off  Greenland.^  A  large  specimen  of  this,  brought 
away  by  Nordenskjold,  may  be  seen  at  the  National  Museum, 
Washington. 

Metallic  iron  in  microscopic  particles  has  also  been  found  in  the 
basalts  of  the  British  Isles. 

While  there  are  a  few  compounds  in  meteorites  not  yet  found 
among  terrestial  rocks,  yet  their  general  similarity  to  the  more  pro- 
found volcanic  ejections  is  very  striking  and  suggestive. 

Now,  as  already  stated,  counting  great  and  small,  the  earth  is 
gathering  in  daily  several  millions  of  these  celestial  particles, —  the 
"star  dust"  of  space.  It  is  more  than  probable  that  it  has  done  so 
in  all  past  ages,  and  in  progressively  increasing  quantity,  for  with 
every  sweep  of  the  heavens  fewer  remain,  and  hence  fewer  can 
thereafter  be  gathered;  so  that,  while  the  present  growth  from  this 
source  is  exceedingly  small,  it  was  doubtless  much  gi'eater  in  the  past. 
This  has  even  been  conceived  to  be  the  main  mode  by  which  the 
planet  has  gathered  in  its  substance.^  This  view,  like  the  preceding, 
points  to  an  original  condition  of  highly  scattered,  if  not  extremely 
attenuated  matter,  for  the  meteorites  must  be  supposed  to  have 
gathered  in  a  similar  way,  from  more  widely  disseminated  matter, 

and,  ultimately,  from  the  gaseous  state. 

. —  — ^^^^^^^^-^— ^-^^-^^ 

1  Judd:  International  Scientific  Series;  Volcanoes,  pp.  318,  319. 
»  Proctor,  Tribune  extra,  18.    Also  "  Other  Worlds  than  Ours." 
•     Vol.  1—4 
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Without  dwelling  longer  upon  the  several  lines  of  evidence,  the 
adequate  discussion  of  which  would  vastly  transcend  our  limits,  we 
may  assume  as  highly  probable,  the  conditions  to  which  they  all 
seem  to  point, —  that  the  matter  of  our  solar  system  was,  at  a  re- 
mote period,  in  an  extremely  rarefied  condition.  We  will  make  this 
the  starting  point  of  the  conjectural  portion  of  our  history. 

Nebulous  Stage. 

Conceive  all  the  matter  of  the  present  solar  system  to  be  expanded 
into  its  extreme  gaseous  condition,  and  to  swell  thereby  into  a  mass 
of  gas,  stretching  far  beyond  its  present  outermost  limits^  and  you 
have  the  favorite  conception  of  the  primal  condition  of  our  planet- 
ary system.  Beyond  this  there  may  have  been  an  ultra-elemental 
or  even  ultra-luminous  stage.  But,  if  there  were  sufficient  ground 
for  conjecturing  this,  which  perhaps  there  is  not  at  present,  it  would 
not  satisfy  the  insatiable  questionings  of  the  mind,  which  would 
still  ask.  What  was  anterior  to  that?  To  this,  from  the  standpoint 
of  material  philosophy,  whatever  belief  may  spring  from  other  con- 
siderations, we  give  no  answer,  not  even  a  conjecture.  We  have 
already  gone  to  the  very  extreme  of  hypothesis.  Indeed,  we  have 
trod  far  beyond  the  safe  ground  of  well  supported  theory. 

Origin  of  liotation.  By  combination  and  the  radiation  of  heat 
into  space,  this  nebulous  mass  must  needs  contract.  Now,  if  it 
were  originally  stationary,  and  a  perfect  sphere,  absolutely  uniform 
in  structure  and  density  throughout,  and  were  entirely  unaffected 
by  external  influences,  or  if  these  influences  were  precisely  alike  and 
uniform  on  every  side,  then  the  mass  might  simply  shrink  without 
any  tendency  to  turn.  But  if  there  were  the  slightest  unbalanced 
inequality  in  any  of  these  conditions,  a  corresponding  tendency  to 
rotation  in  some  direction  would  be  the  result.  The  probabilities 
are  so  infinitely  great  as  to  make  it  well-nigh  certain  that  this  would 
happen.  When  once  rotation  is  started,  further  contraction  would 
tend  to  increase  it,  according  to  well-known  physical  principles,  and 
the  mass  must  have  gone  on  rotating  more  and  more  rapidly  as  the 
cooling  and  shrinking  progressed.  •  The  origin  of  rotation  is  thus 
accounted  for  under  the  Nebular  Hypothesis,  commonly  attributed 
to  the  celebrated  mathematician  Laplace,  though  previously  sug- 
gested in  cruder  form,  by  others. 

If,  however,  it  is  deemed  more  rational  to  conceive  of  the  earlier 
stage  as  that  of  "  star  dust "  mther  than  "  fire  mist,"  or,  in  other 
terms,  if  wc  imagine  all  the  matter  of  our  system  to  have  been  in  a 
state  similar  to  the  fine  particles  which  the  earth  nightly  and  daily 
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gathers  in  as  "shooting  stars,"  and  even  if  we  suppose  this  matter  to 
have  been  without  definite  rotation  and  revolution,  to  have  been, 
indeed,  quite  chaotic  —  still,  unless  it  were  scattered  with  absolute 
uniformity  throughout  space,  under  conditions  of  j^erfect  equilibrium, 
its  attractive  forces  must,  sooner  or  later,  have  caused  it  to  collect, 
and  unless  the  lines  of  convergence  were  absolutely  balanced,  the 
collecting  mass  must  have  turned  upon  its  center,  and  rotation  have 
been  inaugurated.  The  further  the  ingathering  proceeded,  the  more 
rapid  would  the  rotation  become.  Thus,  as  in  the  previous  case, 
rotation  seems  to  be  the  almosfc  necessary  result  of  the  concentra- 
tion of  matter  under  the  varied  conditions  that  characterized  the 
early  stages  of  our  universe. 

Fcrmation  of  Planets.  But  it  is  maintained  under  the  Nebular 
Hj'pothesis,  that  when  the  increase  in  the  rate  of  rotation  reached 
a  certain  stage,  the  centrifugal  force  of  the  outer  equatorial  portion 
would  become  greater  than  its  gravitating  force,  when  it  would 
necessarily  separate  from  the  remainder  of  the  mass.  This  sepa- 
rated portion,  whether  in  the  form  of  a  ring,  as  Laplace  supposed,' 
or  otherwise,  is  assumed  to  have  condensed,  like  the  original  body, 
and  for  a  like  reason  to  have  become  a  rotating  sphere,  i.  e.,  a  planet. 
The  original  mass  meanwhile  continued  to  contract,  and  to  discharge 
at  intervals  other  masses  from  its  exterior,  which,  in  turn,  condensed 
into  planets.  Some  of  the  planets  thus  formed  threw  oif  (it  is  sup- 
posed) from  themselves  masses,  which  became  their  satellites.  The 
residual  portion  of  the  original  whole  is  supposed  to  be  found  in  our 
6UiL,  still  hot  and  condensing.  Tlie  meteorites  and  the  comets  of 
the  solar  system  may  bo  conceived  to  be  miniature  planets,  or  por- 
tions separated  from  the  original  mass,  not  yet  ingathered,  in  the 
process  of  accretion.  Some  wandering  masses  may  have  been  de- 
rived from  regions  beyond  the  limits  of  the  original  solar  system, 
as,  perhaps,  certain  comets. 

The  essential  features  of  the  above  outline  seem  to  be  largely 
true,  whether  the  process  of  formation  be  mainly  a  condensation 
from  a  gaseous  condition,  as  set  forth  by  the  Nebular  Hypothesis, 
or  whether  it  be  a  growth  by  accretion  from  disseminated  meteoric 
matter,  or  whether  (a  view  to  which  we  incline)  a  combination  of 
the  two  processes.  Under  either  hypothesis,  the  newly  formed  earth 
must  have  been  hot.  If  formed  by  the  condensation  of  hot  gases, 
it  is  believed  to  have  been  at  first  a  glowing  sun,  with  an  intensely 
heated  core,  surrounded  by  an  immense,  incandescent  atmosphere. 
As  cooling  and  condensation  progressed,  the  core  increased  and  the 
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atmosphere  diminished,  until  there  developed  an  earth  and  an  atmoe- 
phere  analogous  to  that  we  now  know. 

In  so  far  as  the  growth  was  accomplished  by  the  accretion  of 
meteoric  matter,  the  heat  generated  by  the  ingathering  masses  would 
raise  the  temperature  of  the  whole.  Just  as  the  impact  of  every 
little  meteorite  now  arriving  fires  it  into  a  "shooting star,"  and  just 
as  every  aerolite  comes  to  the  earth  a  glowing  ball,  and  just  as  in 
the  great  meteoric  showers  the  heavens  are  ablaze  with  darts  of  fire, 
so  in  the  immensely  greater  meteoric  ingathering,  which,  according 
to  the  accretion  hypothesis,  constituted  the  early*  growth  of  tho 
planet,  there  must  have  been  a  still  more  fiery  display,  resulting  in  a 
heated  earth.  Combine  the  two  processes,  nebular  condensation  and 
meteoric  accretion,  and  picture  their  joint  fiery  results,  and  you 
have  the  conception  which  best  satisfies  the  rational  imagination,  as 
we  view  it.  It  may  long  remain  impossible  to  determine  the  rela- 
tive parts  performed  by  gaseous  condensation  and  mechanical  accre- 
tion, and  it  is  more  than  likely  that  our  best  views  of  both  combined 
fall  far  short  of  an  adequate  conception  of  the  real  history  of  the 
earth's  growth. 

lAquid  Stage. 

But,  pursuing  either  course  of  thought,  we  emergd  somewhat 
from  the  mists  of  uncertainty  when  we  picture  the  earth  as  a  molten 
mass,  surrounded  by  an  immense  heated  atmosphere,  and  attempt 
to  trace  its  consolidation  into  the  more  stable  stage  in  which  we 
now  find  it.  This  may  bo  said  to  constitute  the  second  great  stage 
of  its  history. 

Condition  of  the  EtvrtKs  Interior,  It  was  formerly  very  widely 
believed  that  in  tho  progress  of  cooling  a  crust  formed  over  the 
molten  globe,  which  thickened  as  solidification  proceeded,  leaving  a 
molten  interior,  which  was  believed  yet  to  exist,  and  to  give  origin 
to  volcanic  ejections  and  the  other  evidences  of  internal  heat  of  the 
present  day.  But  physicists  and  astronomers,  attacking  the  prob- 
lem from  their  appropriate  fields,  have  greatly  weakened  the  confi- 
dence formerly  reposed  in  this  seemingly  rational  hypothesis.  Thev 
have  insisted,  that,  to  satisfy  the  conditions  of  astronomical  and 
physical  phenomena,  the  earth  must  possess  a  rigidity  greater  than 
is  compatible  with  such  a  structure,  and  that,  further,  owing  to  the 
intense  pressure  to  which  the  interior  was  subjected,  it  must  have 
been  reduced  to  a  solid  condition,  notwithstanding  its  high  tempera- 
ture. 
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Furthermore,  geologists,  by  a  more  critical  examination  of  volcanic 
ejections,  have  arrived  at  conclusions  adverse  to  their  origin  from  a 
liquid  interior.  At  the  first  flash  of  thought,  the  two  or  three  hun- 
dred large,  active  volcanoes,  and  the  thousands  of  extinct  ones, 
scattered  over  the  face  of  the  earth,  seem  to  point  quite  explic- 
itly to  a  molten  interior.  But  when,  on  critical  examination,  it  is 
found  that  they  eject  diflferent  kinds  of  matter  at  different  stages, 
that  adjacent  volcanoes  may,  at  the  same  time,  be  giving  forth  very 
different  material,  and  especially  that  the  liquid  matter,  in  neigh- 
boring vents,  may  stand  at  heights  differing  by  hundreds,  and  even 
by  thousands  of  feet,  it  seems  an  almost  necessary  conclusion  that 
volcanoes  do  not  have  their  origin  in  a  common  liquid  reservoir. 
Other  evidences  may  be  deduced  in  support  of  the  same  con- 
clusion.^ 

Eestraining  ourselves  to  these  mere  hints  as  to  the  lines  of  argu- 
ment, we  may  pass  the  subject  with  the  statement  that  the  recent 
tendency  of  scientific  opinion  has  been  toward  the  theory  of  an 
essentially  solid  interior. 

It  is  quite  likely  that  the  true  view  is  not  correctly  repre- 
sented either  by  the  notion  of  a  solid  or  of  a  molten  mass,  as  those 
terms  are  commonly  understood,  but  rather  by  the  peculiar  state  of 
a  solid  under  great  pressure.  It  is  a  well  known  fact  that  solid 
bodies,  under  great  pressure,  yield,  by  flowing  like  a  liquid  or  plastic 
body.  A  familiar  instance  is  found  in  the  punching  of  holes  in 
steel  plates.  A  part  of  the  steel  flows  laterally  and  only  a  part  is 
punched  out,  the  amount  of  steel  in  the  core  never  equaling  that 
displaced  by  the  punch.  That  the  interior  of  the  earth  is  yielding 
and  plastic,  the  phenomena  of  geology  seem  to  quite  clearly  indi- 
cate, but  the  plasticity  may  be  of  the  nature  of  a  solid  under  press- 
ure, rather  than  that  of  a  liquid  due  to  temperature. 

None  of  these  views,  however,  militate  against  the  theory  of  the 
former  molten  condition  of  the  earth,  or  of  its  igneous,  and  ulti- 
mately, nebulous  origin. 

Cfiaracter  of  the  Primitive  Crmt  It  is  a  question  of  some  theo- 
retical interest  and  importance  to  determine  what  was  the  nature  of 
the  primitive  crust  of  the  earth,  using  that  term,  as  is  commonly 
done,  for  convenience,  to  express  the  original  outer  layer,  without 


1  The  student  wUl  find  valuable  discussions  of  this  and  kindred  themes  in  the 
Geological  Exploration  of  the  Fortieth  Parallel,  Vol.  I,  by  Clarence  King;  in 
the  Geology  of  the  High  Plateaus,  by.C.  E.  Dutton;  in  Richthofen's  Memoir  on 
Tlie  Natural  System  of  Volcanic  Rocks;  in  Volcanoes  (International  Scientific 
Scries),  by  J.  W.  Judd,  and  in  Dana's  Manual,  pp.  716,  808. 
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regard  to  whether  the  interior  is  in  a  liquid,  solid,  or  pressure-plastic 
condition. 

As  already  stated  there  is  no  sufficient  reason  for  believing  that 
any  portion  of  the  present  surface  of  the  earth,  that  has  been  geolog- 
ically investigated,  belongs  to  this  primitive  crust,  and  there  is  but 
faint  hope  that  any  such  portion  will  ever  be  found,  or  at  least,  if 
found,  can  be  demonstrated  to  be  such.  We  are,  therefore,  limited 
to  theoretical  considerations,  and  can  now  only  hoi)e,  at  best,  to 
arrive  at  probable,  not  demonstrative  conclusions.  The  queotion 
may  be  approached  along  four  lines  of  argument,  but  as  these  neces- 
sarily involve  knowledge  in  advance  of  our  discussion,  they  aro 
thrown  into  smaller  type  and  may  be  i>assed  over. 

1.  Arrangement  of  the  Material  in  the  MoUcn  Sphere.  First,  and  periiaps 
weakest,  we  may  speculate  as  to  the  arrangement  of  material  that  would  natu- 
rally be  assumed  in  a  molten  earth-sphere.  The  earth  lias  been  weighed,  so  to 
B[)eak,  by  diflferent  processes,  and  found  to  be,  on  the  avei-age,  five  and  one  half 
times  as  heavy  as  wat^r.  But  the  surface  rocks  have  an  average  weight  only 
about  two  and  one  half  or  three  times  that  of  water,  and  hence  it  appears  that 
the  exterior  of  the  earth  is  onlj'  about  one  half  as  heavy  as  the  average  of  the 
whole.  It  is  hence  very  much  lighter  tlian  the  densest  central  portion.  A  jMirt 
of  the  increase  of  specific  gravity  in  the  interior  is  doubtless  due  to  the  density 
produced  by  the  enormous  pressure  to  which  it  is  subjected  by  the  weight  of 
the  overlying  rocks.  But  it  is  scarcely  crt»dible  that  the  whole  of  it  is  to  be 
attributed  to  this  cause.  There  are  independent  reasons,  and  some  little  direct 
evidence,  for  believing  that  the  interior  is  composed  of  diflferent,  and  inherently 
heavier  materials  than  the  crust.  In  the  earth's  supposed  condensation  from  a 
nebulous  condition,  and  in  its  i>assage  through  the  molten  state,  it  is  rational  to 
assume  that  the  heavier  materials  would  collo<;t  at  the  center,  while  the  lighter 
would  be  arranged,  in  the  ordor  of  specific  gnivity,  around  them,  and  hence  that 
the  superficial  crust  would  be  formed  of  the  lightest  class  of  material  then 
forming  the  molten  sphere.  » 

Since  among  volcanic  rocks  the  lightest  are  the  acidic,  or  highly  silicious  class, 
it  has  been  suggested,  with  seeming  plausibility,  that  the  outer  original  sheU 
would  consist  of  such  material,  and  the  lieavier  basic  rocks  would  bo  arranged 
l>elo\v,  while  the  deeper  interior  parts  were  perhaps  largely  metallic,  i 

But  it  is  by  no  means  certain  or  even  prol>able  that  the  volcanic  rocks  liave  aU 
ljet»n  derived  from  the  primitive  crust,  and  it  may  be  doubted  whether,  in  tlie 
original  condition,  acidic  rock-substance  would  be  formed  in  the  presence  of  so 
much  basic  material  as  the  high  specific  gmvity  of  the  earth  seems  to  imply, 
and  as  the  alkalies  and  alkaline  earths  of  the  sedimentary  series  more  surely 
indicate. 

2.  Igneous  Ejectxonff.  In  appealing  to  the  character  of  volcanic  rocks,  however, 
we  enter  ui>on  the  second  line  of  approach  to  the  problem.  It  might,  at  first 
thought,  st^em  that  igneous  ejections  would  throw  cletir  light  on  the  question. 
It  has  lieen  suggested  that  the  ejections,  which  took  i>lace  while  the  crust  was 
yet  thin,  would  reveal  the  character  of  the  supi^rficifil  i>ortion,  and  that  the  later 
ejections,  springing  from  deei)er  sources,  would  disclose  the  nature  of  the  lower 
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layers.  This  view  was  qiiite  plausible  under  the  former  theory  of  a  continually 
thickening  crust  over  a  liquid  interior,  from  which  the  ejections  were  supposed 
to  arise.  But  according  to  the  later  views  of  the  local  origin  of  lavas  from  the 
liquefaction  of  rock  within  the  superficial  crust,  such  conclusions  lose  much  of 
their  apparent  force.  The  testimony  of  critical  investigation,  particularly 
observations  on  the  source  of  the  earthquake  tremors  preceding  eruptions,  indi- 
cates that  volcanic  action  is  not  very  deep-seated. 

"  Mr.  Mallet  has  shown  that  by  the  careful  study  of  the  effects  produced  at 
the  surface  by  earthquake-vibrations,  we  may  determine  with  considerable 
accuracy  the  point  at  which  the  shock  or  concussion  occurred  which  gave  rise  to 
the  vibratio(|L.  Now,  it  is  a  most  remarkable  fact  that  such  calculations  have  led 
to  tlie  conclusion  that,  so  far  as  is  at«present  known,  earthquake  shocks  never 
originate  at  greater  depths  than  thirty  miles  from  the  surface,  and  that  in  some 
cases,  the  focus  from  which  the  waves  of  elastic  compression,  producing  an 
earthquake,  proceed,  is  only  at  a  depth  of  seven  or  eight  miles.  As  we  have 
already  seen,  there  can  be  no  doubt  that,  in  the  great  majority  of  instances,  the 
forces  originating  earthquake-vibrations  and  volcanic  outbursts  are  the  same, 
and  independent  lines  of  reasoning  have  conducted  us  to  the  conclusion  that 
these  forces  o|)erate  at  very  moderate  distances  from  the  earth's  surface."  i 

Source  of  Volcanic  Material.  Now  the  question  whether  the  liquefaction, 
which  is  assumed  to  furnish  the  material  of  volcanic  ejection,  will  take  place 
within  the  original  crust,  or  in  the  sedimentary  beds  above,  or  in  both,  is  not 
easily  determined.  The  assumption  that  the  earlier  ejections  are  most  likely  to 
represent  any  certain  portion  of  the  original  mass,  while  the  later  represent  a 
different  horizon,  is  by  no  means  sustained  on  critical  examination.  For  if  the 
local  liquefaction  is  a  function  of  depth,  or  the  source  of  eruption  otherwise 
dependent  on  depth,  the  thickness  of  sedimentary  bods  overlying  the  original 
crust  will  be  an  important  factor  in  the  problem.  If  it  is  dependent  on  pressure 
or  its  relief,  the  same  will  be  true,  for  the  radial  pressure  due  to  simple  gravita- 
tion will  depend  largely  upon  the  accumulation  of  sediments,  and  tangential 
pressure,  supposed  to  be  due  to  shrinking  as  the  result  of  secular  cooling,  has, 
throughout  geological  history,  shown  a  disposition  to  manifest  itself  most 
powerfully  at  the  points  of  thickest  sedimentation.  It  is,  therefore,  apparent 
that  the  special  stratigraphical  situation  of  any  igneous  eruption  must  be  studied 
to  determine  its  probable  source,  and  that  the  simple  fact  of  age  is  no  trust- 
worthy guide. 

Earliest  Intrusive  Rocks,  Now  the  earliest  intrusive  rocks  of  which  we  have 
any  knowledge  are  those  that  invaded  the  great  Laurentian  formation.  It  is 
quite  certain  that  some  of  these  were  forced  through  the  Laurentian  series  after 
it  was  compressed  and  folded  into  essentially  its  present  form,  for  the  dikes 
traverse  the  folds  directly,  and  have  not  suffered  distortion  with  them,  as  would 
necessarily  have  been  the  case  if  they  had  been  injected  before  the  Laurentian 
revolution.  No  demonstrably  igneous  rocks  of  earlier  date  can  now  be  appealed 
to.  The  intrusions  of  the  Laurentian  period  are  partly  of  the  granitic,  i.  e., 
acidic  class,  and  partly  of  the  basaltic  or  basic  order,  with  intermediato  grades; 
but  until  discrimination  between  metamorphic  and  igneous  rocks  shall  be  more 
successfully  made,  and  until  the  Laurentian  areas  are  more  thoroughly  and  critic- 
ally studied  in  the  interest  of  such  discriminations,  it  will  be  impossible  to 
arrive  at  any  trustworthy  estimate  of  the  relative  prevalence  of  the  two  classes. 


J.  W.  Judd,  Volcanoes. 
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But  these  ejections  occurred  when  the  original  crust  was  overlain  by  the  Lan- 
i-entian  series,  and  such  other  sedimentary  accumulations  as  may  lie  beneath, 
the  amount  of  which  is  wholly  imknown.  The  Canadian  geologists  have  esti- 
mated the  known  portion  of  the  Laurentian  series  at  80,000  feet,  with  an  un- 
measured portion  below;  but  a  part  of  this  is  probably  Huronian.  Li  our 
own  region  the  extreme  folding  and  distortion  of  the  beds  prevent  trustworthy 
measurements,  but  the  full  Canadian  estimate  seems  a  moderate  one.  But  the 
stratigraphical  thickness  by  no  means  represents  the  vertical  depth,  in  the  com- 
pacted and  folded  condition  of  the  strata,  for  it  is  the  height  of  the  vertical 
folds,  rather  than  the  thickness  of  the  stratum,  that  determines  the  vertical 
depth. 

Now  it  is  quite  certain  that,  at  the  cl9se  of  the  Laurentian  reVblution,  the 
folds  were  of  gigantic  dimensions,  and  hence  the  underlying  crust  was  sur- 
mounted by  an  enormous  mass  of  rock;  for  it  is  to  be  borne  in  mind  that  the 
present  Laurentian  areas  are  those  in  which  this  primitive  compacting  and  fold- 
ing took  place,  and  we  nowhere  have  access  to  the  undisturbed,  horizontal  beds. 
If  the  height  of  the  folds  were  three  times  the  thickness  of  the  folded  strata,  the 
vertical  depth  of  the  sedimentary  aggregation  would  probably  exceed  the 
greatest  depth  from  which  volcanic  tremors  are  known  to  originate.  Now  it  is 
apparent,  upon  a  moment's  consideration,  that  the  earliest  eruptions  that  fol- 
lowed the  Laurentian  revolution  penetrated  a  greater  tbickness  of  overlying 
rocks  than  any  subsquent  ones  in  that  region^  for  denudation  has  been  cease- 
lessly engaged  since  that  time  in  cutting  them  away,  and  thicknesses  to  be  esti- 
mated in  miles  have  been  removed. 

If,  for  illustration,  it  be  supposed  that  eruptions  take  place  from  a  uniform 
depth,  then  it  is  manifest  that  an  eruption  taking  place  to-day,  within  the  Lau- 
rentian area,  would  spring  from  a  horizon  many  thousands  of  feet  lower  than 
the  eruptions  of  the  ArchsBan  ages,  and  hence  it  is  more  probable  that  the 
early  extrusions  of  Archaean  areas  arose  from  melted  sediments,  than  the  later 
ones.  In  other  regions  quite  different  results  might  be  reached  from  a  consid- 
eration of  the  special  circumstances  of  eruption,  but  it  is  doubtful  whether,  in 
any  instance,  eruptions  could  be  more  plausibly  attributed  to  melted  sediments 
than  those  which  followed  the  Laurentian  upheaval.  It  seems  quite  possible  to 
suppose,  therefore,  that  from  Laurentian  times  onward,  igneous  rocks  may  have 
arisen  from  the  melting  of  sediments,  and  that  the  presumption  of  such  an 
origin  is  quite  as  defensible  in  earlier  as  in  later  periods. 

Tertiary  and  Meaozoic  Eruptive  Rocks,  If  we  consider  volcanic  products  in 
another  aspect,  however,  grave  objections  will  arise  to  the  belief  that  they  have 
sprung  from  the  original  crust  of  the  earth.  In  the  primitive  molten  mass  the 
material  was  probably  essentially  homogeneous  except  so  far  as  arranged  in  lay- 
ers by  gravity.  It,  therefore,  follows  that  any  remelted  portion,  unless  the  lique- 
faction had  a  very  considerable  vertical  extent,  would  be  homogeneous.  But 
observation  has  shown  that  in  areas  of  great  volcanic  action,  the  successive 
ejections  are  widely  diverse.  In  the  case  of  the  great  Tertiary  eruptions, 
Richthofen,  King,  Dutton  and  others  ^  have  shown  a  most  remarkable  law  of 
succession,  which  is,  in  brief,  that  the  earliest  eruptions  were  of  a  character  in- 
termediate between  the  pronounced  acidic  and  basic  types,  while  those  of  the 
middle  stage  were  acidic,  and  those  of  the  last,  basic.    But  in  the  earliest  great 
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consecutive  series  of  eruptions  with  which  we  are  familiar,  viz. :  that  of  Lake 
Superior,  we  find  acidic  rocks  intercalated  at  intervals  between  immense  basic 
flows,  while  the  intermediate  class  of  lavas  are  distributed  in  a  similar  irregular 
manner.  (Irving.)  Taken  as  a  whole,  however,  the  basic  rocks  inmiensely  pre- 
dominate. 

The  Mesozoic  eruptions  of  the  Atlantic  border  are  perhaps  the  nearest  ap- 
proach to  a  homogeneous  product  exhibited  upon  the  American  continent,  pre- 
senting as  they  do  a  remarkable  uniformity  of  character.  These  are  diabases 
very  similar  to  the  prevalent  rock  of  the  Lake  Superior  series. 

Comparing  these  great  series  of  eruptions,  and  assuming  that  they  originated 
at  equal  distances  below  the  surface,  it  is  probable  that  the  Mesozoic  traps  of 
the  Atlantic  border  came  from  a  lower  geological  horizon  than  the  much  earlier 
eruptions  of  Lake  Superior;  for  in  the  latter  instance,  there  lay  over  the  original 
crust  not  only  the  Laurentian  series  and  such  sedimentary  beds  as  may  lie  be- 
neath, but  the  Huronian  series,  and  the  rocks  of  the  intermediate  interval, 
minus  only  the  denudation  of  ArchaBan  time;  while  in  the  Atlantic  border 
region  the  gneissoid  series,  through  which  the  eruptions  in  large  part  took  place, 
is  probably  Laurentian,  and  had  suffered  in  addition  to  the  denudation  of 
Archaean  times,  that  of  the  whole  Palaeozoic  age,  and  that  of  the  earlier  Meso- 
zoic. The  inmiense  thickness  of  the  Palaeozoic  sediments  of  the  Appalachian 
system  indicates  that  the  denudation  was  very  great,  and  hence  the  surface  was 
presumably  cut  down  nearer  to  the  original  crust. 

Comparing  the  Mesozoic  with  the  western  Tertiary  eruptions,  it  is  to  be  ob- 
served, that,  while  the  loss  of  Archaean  sediments  in  the  latter  region  might 
have  been  equal  to  that  of  the  former,  there  had  been  added  the  Mesozoic  and 
earUer  Tertiary  accumulations. 

The  phenomena  of  these  great  eruptive  series  may  be  satisfied  by  supposing 
that  the  Mesozoic  traps  of  the  Atlantic  border  came  from  the  original  crust 
of  the  earth,  and  that,  by  reaBoa  of  its  uniformity  of  composition,  no  essential 
difference  is  to  be  observed  between  the  successive  ejections,  nor  between  those 
situated  hundreds  of  miles  apart.  The  Keweenawan  eruptions  of  Lake  Superior 
may  be  assumed  to  have  come  from  the  uppermost  portion  of  the  original  crust, 
and  to  have  involved  ait  intervals  the  overlying  .silicious  sediments,  the  whole 
resulting  in  an  enormous  series  of  basaltic  outpourings,  with  a  few  intercalated 
flows  of  acidic  and  neutral  matter,  while  the  Tertiary  series  of  the  west  may 
have  been  derived  from  the  earliest  metamorphic  sediments,  whose  composition 
varies,  as  illustrated  by  the  Laurentian  group,  but  is  predominantly  acidic. 
From  this  material  might  be  derived  the  vast  acidic  lava-flows  of  the  west,  with 
the  somewhat  less  abundant  neutral  and  basic  ejections,  described  by  King  and 
Dutton.  The  hypothesis  of  the  latter  seems  competent  to  account  for  the  order 
of  ejection. 

The  conclusion  derived  from  this  uncertain  line  of  reasoning  is,  that  the  crust 
was  most  probably  formed  of  basic  material,  of  a  type  not  far  removed  from 
the  Archaean  and  Mesozoic  diabases.  It  is  manifest  that  this  line  of  reasoning 
has  many  points  of  weakness,  and  that  the  conclusion  to  which  it  leads  is  enti- 
tled to  but  little  weight. 

8.  Composition  of  Sedimentary  Series.  The  third  line  of  approach  to  the 
problem  is  through  a  study  of  the  chemical  composition  of  the  sedimentary 
series.  Since  the  entire  body  of  sediments  has  been  derived  from  the  original 
crust  of  the  earth  (unless  it  be  maintained  that  volcanic  eruptions  arise  from 
beneath  the  crust,  which  would  not,  however,  vitiate  the  results  arrived  at), 
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their  average  chemical  composition  must  represent  the  average  constitution  of 
the  original  crust.  The  determination  of  the  one  would  demonstrate  the  other. 
The  only  weakness  encountered  on  this  line  of  investigation  is  the  imperfection 
of  data.  It  is  impossible  at  present  to  arrive  at  anything  like  a  trustworthy  esti- 
mate of  the  average  composition  of  the  entire  mass  of  sediments  of  the  globe, 
based  on  direct  observation,  because  of  the  limitations  of  geological  exploration. 
But  over  certain  large  areas  an  approximate  computation  of  some  value  may  be 
made.  The  interior  continental  basin  of  North  America  is  such  an  area,  and  as 
it  probably  lost  but  little  sediment  by  transportation  elsewhere,  and  gained  but 
little  by  importation,  and  as  it  has  had  a  consecutive,  undisturbed  history  of  ero- 
sion and  sedimentation  from  the  earliest  ages,  it  may  fcdrly  be  assumed  to  be  a 
representative  area. 

After  a  somewhat  extensive  gathering  of  facts  and  computation  of  their  bear- 
ing upon  the  question,  it  became  manifest  that  anything  like  a  fair  presentation 
and  discussion  would  transcend  the  limits  of  this  report,  and  so  the  mass  of 
material  was  regretfully  laid  aside,  and  a  few  general  statements  here  substituted 
without  the  data  on  which  they  are  based. 

1.  It  appears  quite  clear  from  such  a  study  that  the  original  material  from 
which  the  secondary  rocks  were  derived  was  not  granite  nor  any  rock  of  its 
chemical  class,  for  its  decomposition  would  not  give  the  right  proportions  of 
derived  material.  For  example,  to  decompose  a  sufficient  amount  of  granite 
to  furnish  the  lime  or  magnesia  of  the  sedimentary  seri^  would  result  in  a 
quantity  of  sand  and  clay  vastly  greater  than  that  observed  to  exist.  If,  there- 
fore, the  original  crust  be  supposed  to  be  of  the  granitic  class,  it  would  seem  that 
it  must  be  assumed  either  to  have  been  very  thin,  so  as  soon  to  be  extensively  worn 
away,  exposing  large  areas  of  some  underlying  stratum  of  more  basic  character, 
that,  added  to  the  superficial  crust,  could  give  the  right  proportion  of  derived 
material,  or  else,  that  eruptions  from  such  deeper  basic  rocks  brought  up  a  suf- 
ficient quantity,  both  of  wliich  assumptions  are  open  to  objections. 

2.  On  the  other  hand,  such  a  study  of  the  sedimentary  rocks  seems  to  show 
that  the  original  material  could  not  have  been  of  the  very  basic  class  represented 
by  basalt,  dolerite,  or  diabase,  for  the  decomposition  of  these  would  give  too 
little  silicious  matter  in  proportion  to  the  lime,  magnesia  and  iron. 

3.  The  right  proportions  could  apparently  be  derived  from  the  neutral  class  of 
rocks,  somewhat  such  as  are  found  to  be  the  first  products  of  eruption  among 
Tertiary  igneous  rocks. 

Or,  reversing  the  order  of  thought,  if  all  known  rocks  and  the  mineral  matter 
held  in  solution  in  the  ocean  were  fused  together,  they  probably  would  produce 
such  a  neutral  product. 

4.  Argument  from  Meteorites,  A  fourth  argument  may  be  drawn  from 
meteorites.  These  were  doubtless  derived,  directly  or  remotely,  in  common 
with  other  celestial  bodies,  from  the  original  mother-mass  of  disseminated  mat- 
ter. As  the  number  of  these  little  planets  that  have  been  examined  is  large,  and 
as  they  have  come  from  various  quarters  of  the  heavens,  and  at  varying  veloci- 
ties, it  would  seem  that  the  common  testimony  wliich  they  give  must  represent 
some  general  fact.  Now  they  aU  contain  a  preponderance  of  basic  material. 
This  strengthens  the  belief  already  expressed,  that  this  is  also  true  of  the  earth. 
In  none  of  these  meteorites  is  free  quartz  or  an  acidic  silicate  a  constituent. 
This  supports  the  conviction  already  indicated,  that  originally  all  of  the  silica 
of  the  earth  must  have  been  united  to  saturation  with  the  basic  material,  and 
hence  that  no  such  rock  as  granite,  in  which  free  quartz  is  an  important  element, 
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could  have  been  abundant.  Neutral  and  basic  rocks  alone  could  have  prevailed, 
if  this  reasoning  be  valid.  Of  these,  the  neutral  and  relatively  non-ferruginous 
rocks  would,  on  the  whole,  be  the  lightest,  and  hence  take  a  superficial  position. 
This  is  precisely  the  class  of  rocks  that  satisfies  the  demands  of  the  sedimentary 
series,  as  indicated  under  the  third  argument. 

Conclusion,    On  the  whole,  therefore,  the  most  acceptable  view  seems  to  be 
that  the  original  crust  was  of  the  intermediate  or  neutral  class. 

Formation  of  the  Ocean,  If  the  earth  were  once  in  a  molten 
condition,  or  heated  to  a  temperature  at  all  approaching  it,  it  is 
manifest  that  essentially  all  the  water  which  now  constitutes  the 
ocean,  together  with  that  held  in  the  pores,  fissures,  and  caverns  of 
the  earth,  and  much  or  all  of  that  chemically  compounded  with  its 
substance,  must  have  existed  in  the  state  of  vapor,  giving  rise  to  an 
atmosphere  of  vast  extent.  Mingled  with  this  there  would  be  not 
only  the  present  atmosphere,  but  so  much  of  the  atmospheric  ingre- 
dients as  has  since  entered  into  combination  with  the  material  of 
the  earth.  This  embraces  large  quantities  of  oxygen,  some  nitro- 
gen, and  the  enormous  quantity  of  carbonic  acid  that  is  now  com- 
bined with  lime  and  magnesia  in  limestone  strata,  and  that  which 
is  represented  by  the  coals,  oils,  graphites,  and  disseminated  carbo- 
naceous material  of  the  sedimentary  rooks.  Dr.  Sterry  Hunt  is 
authority  for  the  statement  that  the  carbonic  acid  of  the  limestones 
would  give  a  volume  of  that  gas  whose  pressure  would  equal  that 
of  200  atmospheres.^ 

These  large  estimates,  both  of  water  and  of  gases,  are,  however, 
to  be  diminished  by  such  unknown  quantities  as  might  have  been 
then  occluded  in  the  molten  material,  under  the  great  atmospheric 
pressure,  and  also  such  amounts  as  may  have  been  since  derived  from 
celestial  sources.  Meteorites  contain  all  the  atmospheric  constitu- 
ents, and  gases  may  have  been  gathered  in,  independently  of  solid 
meteoric  matter.  The  amount  of  the  additions  from  such  sources 
is  wholly  unknown,  but  may  be  quite  large. 

In  addition  to  the  water  and  carbonic  acid  of  the  eartji's  primitive 
atmosphere,  there  were  also  doubtless  added  other  substances  which 
would  be  volatile  at  so  high  a  temperature.  The  gases  issuing  from 
volcanic  vents  perhaps  furnish  the  best  known  data  forjudging  what 
these  would  be.  The  chief  volcanic  gases  are  hydrochloric,  sulphur- 
ous, sulphydric,  carbonic,  and  boracic  acids,  and  with  these  are  asso- 
ciated hydrogen,  nitrogen,  the  volatile  metals,  arsenic,  antimony, 
mercury,  and  some  other  substances.     The  earth  at  this  period,  there- 

lAm.  Jour.  Sci.,  Feb.,  1882,  p.  133.    Dr.  Hunt,  however,  maintains  that  this 
must  have  been  mainly  derived  from  extra-terrestrial  sources. 
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fore,  may  be  pictured  as  a  molten,  or  at  least  extremely  hot,  sphere, 
surrounded  by  an  immense,  vaporous,  acid  atmosphere. 

As  cooling  progressed,  the  earth  solidified,  and  at  length  reached 
a  temperature  at  which  these  substances  could  be  condensed.  It 
would  not  be  necessary  for  the  temperature  to  sink  to  212"*  F.  before 
the  water  would  begin  to  be  deposited,  for  the  enormous  pressure  of 
so  great  an  atmosphere  would  permit  its  condensation  at  a  very  high 
temperature.  These  condensing  waters  would  form  the  early  ocean, 
and  since  the  crust  had  recently  solidified  from  the  molten  state, 
it  has  generally  been  assumed  that  it  was  comparatively  smooth,  and, 
therefore,  that  the  primal  ocean  spread  neg^rly  or  quite  uniformly 
over  the  surface  of  the  earth.  It  is  highly  probable,  however,  that 
the  shrinking  of  the  earth,  even  at  this  early  stage,  had  been  suffi- 
cient to  produce  inequalities  of  the  surface.  If  so,  the  waters  first 
settling  upon  the  earth  necessarily  gathered  in  the  shallow  depres- 
sions, forming  local  lakes.  These,  with  the  increasing  condensation, 
grew  to  oceans,  and  at  length  probably  prevailed  over  the  entire 
surface,  coalescing  in  a  shoreless  sea.  The  sway  of  this  universal 
ocean  has  been  a  favorite  theme  of  graphic  delineation,  but  we  will 
not  enter  on  this  poetic  field. 

With  the  progress  of  cooling  the  ocean  grew  and  the  atmosphere 
diminished  by  the  gradual  condensation  of  vapor,  and  this  process 
may  be  said  to  have  continued  to  the  present  day. 

The  early  ocean  was,  therefore,  both  hot  and  acid,  since  the  con- 
densed aqueous  vapor  would  absorb  acidic  ingredients  from  the 
atmosphere,  and  was  thus  armed  for  most  efficient  attack  upon  the 
solid  material  of  the  earth's  crust.  This  it  disintegrated,  absorbing 
into  itself  the  soluble  portions,  and  leaving  the  remainder,  the  first 
of  residual  clays.^ 

While  the  ocean  covered  the  whole  face  of  the  land,  this  could 
take  place  to  only  a  limited  extent  except  by  the  penetration  of 
water  into  the  crust,  and  over  this  there  would  soon  be  formed  a 
protecting  bed  of  residual  material.  But  as  the  cooling  of  the  earth 
progressed,  greater  inequalities  of  surface  arose  from  contraction, 

whereby  certain  portions  sank,  and  drew  away  the  waters  into  the 

* 

1  In  this  heated  state  the  acidity  of  the  waters  was  —  so  far  as  we  may  reason 
from  known  laws  under  present  natural  and  artificial  conditions,  to  the  some- 
what extraordinary  circumstances  of  that  early  age  —  mainly  dependent  upon 
the  acids  derived  from  compounds  of  chlorine,  sulphur  and  similar  substances, 
rather  than  upou  carbonic  acid,  which  is  but  slightly  absorbed  by  hot  water.  The 
extreme  pressure,  however,  probably  caused  the  latter  to  permeate  the  waters, 
and  to  give  them  an  enforced  acidity.  As  the  watere  cooled,  the  absorption  of 
carbonic  acid  increased,  and  became  the  main  permanent  source  of  acidity. 
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basins  so  formed,  while  other  portions  were  relatively  elevated,  caus- 
ing them  to  ascend  from  the  retiring  waters.^ 

Thus  the  waters  gathered  together  and  the  dry  land  appeared. 

Erosion.  Then  began  the  long  battle  between  land  and  sea,  the 
former  struggling  to  rise  from  beneath  the  ocean,  the  latter  striving 
incessantly  to  recover  its  lost  dominion.  The  efforts  of  the  former 
were  more  or  less  vacillating  and  intermittent,  those  of  the  latter 
unceasing.  The  ocean  continually  lashed  and  chafed  its  shores, 
both  wearing  and  dissolving  them  backward  and  recovering  to  itself 
its  lost  territory.  No  protecting  sediment  could  save  the  shore  line. 
As  soon  as  formed,  it  was  washed  awav.  The  debris  itself  was 
made  an  instrument  of  attack,  for  the  waves,  beating  it  against  the 
shore-rocks,  wore  them  down  with  increased  rapidity.  Nor  was  the 
conflict  confined  to  the  shore  line.  Copious  rains  descended  over 
the  whole  surface  of  the  land,  and  flowing  thence  into  the  sea,  car- 
ried down  with  them  fine  sand  and  silt  and  soluble  material,  and 
rolled  along  beneath  their  rills  and  floods  the  sand  and  pebbles  they 
could  not  carry.  Thus  the  whole  surface  as  well  as  circumference 
of  the  land  was  being  continually  eaten  away  by  the  active  waters, 
whose  work  was  to  cut  down  the  land  and  fill  up  the  ocean  beds, 
tending  to  restore  the  earth  to  its  primitive  uniform  surface. 

Location  of  the  Primitive  Land,  Precisely  what  was  the  location 
of  the  primitive  land  we  do  not  know,  for  there  is  as  yet  no  clear 
proof  that  the  earliest  sediments  which  we  have  studied  were  the 
earliest  formed,  while  it  is  almost  certain  that  the  earliest  lands 
which  we  can  map  did  not  constitute  the  primitive  continent.  But 
it  is  highly  probable  that  the  earliest  known  sediments  were  near 
those  actually  first  formed,  and  hence  near  the  first  land.  The  tenor 
of  geological  evidence  is  to  the  efifect  that  the  land  has  been  essen- 
tially constant  in  position  from  the  beginning,  and  it  is  a  well  known 
fact  that  the  greater  part  of  oceanic  sediments  accumulate  near  the 
land  whence  the  material  is  derived. 

Earliest  Known  Land.  Now  the  earliest  known  land  in  our 
quarter  of  the  globe  consists  of  a  great  V-shaped  or  U-shaped 
area  occupying  the  northern  part  of  our  present  continent,  embrac- 
ing Hudson's  Bay  between  its  great  arms,  and  resting  its  point  on 


1  Since  the^  earth  was  contracting  as  a  whole,  some  cases  of  apparent  elevation 
may  be  only  a  relatively  slower  contraction.  The  most  elevated  portions  of  the 
present  crust  surface  are  estimated  to  be  many  miles  below  the  position  of  the 
original  crust.  MaUet  has  estimated  the  contraction  of  the  earth's  diameter  to 
be  miles,  so  that  the  primitive  surface  may  be  conceived  as  passing  miles 
over  our  heads. 
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the  great  lake  region.  Frora  the  latter,  one  broad  belt  stretches 
northwesterly  to  the  Arctic  sea,  and  another  northeasterly  to  the 
coast  of  Labrador.  South  of  Lake  Superior  there  arose  an  island 
which  will  become  to  us  an  object  of  especial  interest,  since  around 
it  gathered  the  formations  which  at  length  produced  the  sub-struct- 
ure of  our  State.^ 

There  probably  existed  at  the  same  time  a  long  island  parallel  and 
adjacent  to  the  present  Atlantic  coast,  which  became  the  basis  of 
growth  in  the  Appalachian  region.  Although  our  knowledge  of  the 
Archaean  geology  of  the  mountain  belt  of  the  west  is  limited,  suffi- 
cient is  known  to  warrant  the  statement  that  there  were  elongated 
areas  or  lines  of  islands  along  its  axis,  that  became  the  germs  of 
growth  of  the  western  border  lands. 

Within  these  greater  ranges,  scattered  islands  or  archipelagoes 
seem  to  have  appeared,  the  remnants  of  which  are  now  found  in 
Missouri,  Arkansas,  Kansas,  Indian  Territory,  Texas,  and  the  Adi- 
rondack region  of  New  York.  The  last,  however,  may  have  been  a 
peninsula.  All  these  areas  were  doubtless  really  more  extensive 
than  the  present  mapping,  based  on  their  worn  remnants,  indicates. 
Some  of  them  may,  however,  be  due  to  subsequent  elevation. 

In  a  generalized  view  it  may  be  said  that  there  was  a  V-shaped 
area  in  the  northern  part  of  the  continent,  flanked  on  the  southeast 
and  southwest  at  moderate  distances  by  linear  belts,  parallel  respect- 
ively to  the  arms  of  the  V,  leaving  between  them  a  Y-shaped  sea. 

Now  if  these  earlv  lands  were  derived  by  sedimentation  from  still 
more  primitive  lands  lying  adjacent  to  them,  as  must  needs  be,  the 
simplest  supposition  is  that  the  earlier  land  occupied  the  Y-shaped 
area  between  these  lands,  and  that  the  growth  of  the  continent  was 
outward  from  this.  On  this  supposition,  the  material  which  accu- 
mulated within  the  fork  of  the  Y  on  its  northern  side  formed  the  great 
Laurentian  V-shaped  series,  while  the  sediments  on  the  southeastern 
side  formed  the  earlier  Atlantic  crystalline  belt,  and  those  on  the  west 
gave  origin  to  the  Cordilleran  series.  But,  of  course,  this  is  all  hypo- 
thetical. The  critical  investigations  that  will  mark  the  more  perfect 
development  of  geological  knowledge  in  the  future,  may  teach  us 
something  more  definite  concerning  the  primitive  lands.  Meanwhile 
the  above,  or  some  similar  hypothesis,  will  serve  to  give  us  the  nec- 
essary conception  of  the  order  and  method  of  development  of  the 
subsequent  formations  concerning  which  we  have  definite  knowl- 


1  Present  data  make  this  a  Laurentian  island,  but  probably  at  tlie  stage  of 
maximum  Laurentian  elevation,  it  was  connected  with  the  adjacent  land. 
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edge,  for  the  earliest  series  that  falls  within  our  actual  survey  is 
manifestly  derived,  and  not  original. 

This  may  be  said  to  close  the  doubtful  portion  of  our  geological 
history.  Over  the  preceding  ages,  the  mists  of  antiquity  hang 
heavily.  Bat  from  this  point  onward  the  general  outlines  of  pro- 
gress are  clear  and  sure.  There  are  obscure  and  absent  intervals  and 
doubtful  details,  but  the  grander  march  of  events  is  legibly  im- 
pressed upon  the  roek-record,  and,  fortunately  for  us,  the  earliest 
authentic  history  is  as  clearly  and  simply  written  in  the  formations 
of  our  state  as  in  any  known  portion  of  the  globe.  We  pass,  there- 
fore, from  the  most  ancient  and  doubtful  history  of  the  continent  and 
the  earth  as  a  whole,  to  the  special  development  of  our  State 
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CHAPTER  IV. 

LAUKENTIAN  AGE. 


Fia.  1. 


QtsncELAL  Sbctxo!!  OF  THE  FoBMATioifs  OF  WISCONSIN.  The  inclination  of  the  unflexed  beds  if 
exaggerated.  L,  Jjaurentian.  H.  Huronian.  P.  Potsdam  sandstone.  L.  Mg.  Lower  Magnesian 
limestone.  8t.  P.  St.  Peters  sandstone.  T.  Trenton  limestone.  O.  Galena  limestone.  H.  R. 
Hudson  River  (Cincinnati)  shales.  N.  Niagara  limestone.  Hr.  Lower  Heldcrberg  limestone.  J3m. 
Hamilton  limestone  (cement  rock). 

Synoptical  Notes  on  Laurentian  Formation,  Name  derived  from  Laurentide 
HiUs  of  Canada.  Rocks  of  metamorphic  class,  mainly  gneisses.  Thickness  un- 
determined, but  great.  Strata  much  folded  and  contorted.  Occupies  a  large 
area  in  Northern  Wisconsin. 

For  details  see  Vol.  11,  pp.  248-9  (Chamberlin),  461-501  (Irving);  Vol.  m,  pp.  5-«, 
92-99  (Irving),  224  ( Julien),  248-50  and  300  (Wright),  399-400  (Strong),  434  and  661 
(Brooks);  Vol.  IV,  p.  109  (Wooster),  585-601  (King),  617-715  (Irving). 

location  of  Early  Wisconsin  Land.  That  part  of  the  earliest 
known  formation  which  falls  under  our  special  study  formed  an 
island,  or  group  of  closely  associated  islands,  lying  immediately 
south  of  the  present  Lake  Superior,  and  occupied  portions  of  North- 
ern Wisconsin  and  the  upper  peninsula  of  Michigan.^ 

General  Character  of  the  Rocks.  We  have  already  referred  to 
this  as  the  granitic  foundation  upon  which  the  rock  structure  of  our 
State  is  builded.  The  rocks,  as  we  now  find  them,  consist  of  a  series 
of  granites  (quarfet-^ni)^  gneisses  (foliated  fei-mi-qua)^  syenites  (fd- 
qxia-hom)^  hornblendic,  micaceous  and  chloritio  schists,  and  allied 
rocks.  With  these  are  associated  igneous  diabases  (plagi-aug)^  and 
similar  rocks,  together  with  diorites  (plagi-horn)  of  undetermined 
origin.  Among  these  rocks,  the  gneissoid  granites  vastly  predomi- 
nate, so  that  the  whole  series  in  a  general  view  is  conveniently 
termed  granitic. 


1  It  is  not  improbable  that  this  was  at  one  stage  united  with  the  adjacent  main- 
land on  the  west  and  north. 
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Sedimentary  Origin.  But  throughout  the  series,  evidences  of 
sedimentary  accumulation  abound,  (1)  in  the  foliations  and  stratifi- 
cation; (2)  in  the  alternating  bands  of  varying  chemical  constitu- 
.tion ;  (3)  in  the  verging  of  one  kind  of  rock  into  another  laterally ;  and 
(4r)  in  kinds  of  rock  not  known  to  be  produced  by  igneous  agencies. 
The  whole  series  has  been  distorted,  folded,  and  crumpled  in  a  most 
intricate  manner,  and  the  rocks,  as  the  above  names  imply,  are  in  a 
highly  crystalline  condition.  It  is  manifest  that  the  series  was  not 
80  formed  originally. 

Derivation  of  the  Material.  Disintegration.  To  recount  the  stages 
of  its  formation,  let  us  return  to  the  conditions  sketched  in  the  last 
chapter.  Picture  to  the  mind  a  portion  of  the  supposed  earlier 
lands  lying  adjacent  to  the  area  under  consideration,  while  the  lat- 
ter was  still  beneath  the  ocean.  If  you  choose,  let  that  earlier  land 
be  assumed  to  be  a  portion  of  the  original  crust,*  and,  if  we  further 
agree,  let  its  rock  material  be  of  the  neutral  igneous  type,  i.  e.,  a 
rock  composed  of  complex  silicates  of  alumina,  lime,  magnesia,  iron, 
soda  and  potash,  with  a  variety  of  lesser  ingredients.  Picture  also 
the  supposed  surrounding  conditions;  an  immense,  vaporous  atmos- 
phere, still  warm,  still  burdened  with  carbonic  and  perhaps  other 
acid  gases,  still  heavily  laden  with  dense,  universal  clouds  that 
formed  the  swaddling  bands  of  the  young  earth,  enveloping  it  in 
darkness,  and  maintaining  universal  and  nearly  uniform  conditions 
of  heat  and  moisture  over  the  land,  conditions  favorable  in  the 
highest  degree  for  the  disintegration  and  reproduction  of  rocks 
The  warm,  moist,  and  acid  atmosphere  attacked  the  complex  sili- 
cates under  the  most  favorable  conditions.     The  result  was  the 

lit  is  not  maintained  that  the  Laurentian  material  was  derived  from  the 
primitive  crust,  though  it  may  have  been,  but  the  assumption  gives  a  connected 
view  of  the  consecutive  processes  of  the  earth*s  growth  and  the  derivation  of  its 
material,  and  in  the  general  conception  of  this  it  is  immaterial  whether  there 
was  or  was  not  an  earlier  stage  of  sedimentation.  The  opinion  is  not  infre- 
quently expressed  by  geologists  that  the  material  of  the  crust  has  been  worked 
over  and  over  repeatedly.  While  this  is  undoubtedly  true  of  the  later  sediments, 
the  character  of  the  Laurentian  material,  if  we  may  judge  from  present  identf- 
fications,  affords  eome  reason  for  thinking  that  it  had  not  suffered  repeated  dis- 
integration and  deposition.  Each  working  over  tended  to  separate  the  material 
into  distinct  classes,  both  physical  and  chemical,  and  to  the  formation  of  separate 
beds  of  sand,  clay,  conglomerates,  etc.  The  Huronian  beils  that  were  derived 
from  the  Laurentian  show  this  in  a  marked  degree,  as  will  be  seen  later,  but  the 
Laurentian  beds  are  far  less  differentiated,  and  to  that  extent  support  the  view 
that  they  stand  near  the  head  of  the  long  series  of  derivations  by  which  the  suc- 
cessive formations  have  been  produced.  Tlie  correctness  of  Prof.  Selwyn's 
classification  of  the  Canadian  Huronian  and  Laurentian  is  here  assumed,  some- 
thing in  support  of  which  wiU  be  said  subsequently. 
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fonnation  of  carbonates  of  lime,  magnesia,  potash,  soda  and  other 
bases,  and  possibly  also  chlorides,  sulphates  and  other  compounds.  If 
hydrochloric  acid  still  remained  in  the  atmosphere,  common  salt  and 
other  common  chlorine  compounds  were  formed.  If  sulphur  gases 
were  not  yet  exhausted,  sulphates  were  produced.  These  sub- 
stances, being  soluble,  would  be  borne  by  the  drainage  waters  down 
to  the  sea,  and  thus  contribute  to  its  saline  character.  If  these  more 
vigofous  agencies  and  favorable  conditions  had  passed  away  at  an 
earlier  date,  the  process  was  essentially  the  same  through  ordinary 
atmospheric  agencies,  though  the  action  was  less  rapid. 

Transportation.  But  these  atmospheric  agencies  removed  only  a 
part  of  the  rock.  The  silica,  the  alumina,  and  a  portion  of  the  iron, 
remained  as  an  earthy  residue  of  the  disintegration.  This  likewise 
the  drainage  gradually  carried  down  to  the  sea.  The  rains  of  so 
humid  a  period  were  possibly  copious  to  an  extraordinary  degree ; 
but,  whether  hastened  by  torrential  floods,  or  more  slowly  washed 
by  lighter  rains,  the  inevitable  final  result  was  the  removal  of  the 
disintegrated  rock  from  the  face  of  the  land  to  the  bed  of  the  sea. 
There  it  accumulated  in  stratified  beds  of  sediment,  whose  character 
varied  with*  the  circumstances  of  accumulation.  That*  which  was 
lightest  was  doubtless  carried  farthest  out  to  sea,  and  settled  in  the 
deeper,  quiet  waters,  as  a  fine,  clayey  mud.  That  which  was  coarser 
and  heavier  sank  sooner  in  shallower  water,  and  nearer  shore.  That 
which  was  coarsest,  and  had  been  rolled  down,  rather  than  borne  by 
the  streams,  accumulated  nearest  the  river  mouths,  and  constituted 
the  coarser  delta  deposits. 

Corrosion.  Another  phase  of  the  same  agency  must  not  be  over- 
looked. The  streams  were  erosive  agents,  as  well  as  vehicles  of 
transportation.  The  silt  which  they  carried  and  the  sand  which 
they  rolled  wore  the  sides  and  bottoms  of  their  channels,  and  the 
resulting  detritus  was  borne  to  the  sea.  Though  the  work  of 
each  little  particle  was  infinitesimal,  their  ceaseless  activity  in  the 

« 

lapse  of  ages  effected  a  momentous  work.  Torrential  floods,  carry- 
ing larger  masses  with  greater  power,  accomplished  more  striking, 
but  perhaps  on  the  whole,  less  important  results. 

Differemces  in  the  Sediments.  The  material  thus  worn  away  from 
the  primitive  rock,  and  carried  mechanically  to  the  sea  without  un- 
dergoing decomposition,  formed  a  deposit  differing  in  chemical,  as 
well  as  physical  character,  from  the  clays  and  earths  formed  by  ch- 
cay^  and  hence  there  arose  an  important  distinction  between  sedi- 
ments derived  from  the  same  rock,  at  the  same  time,  and  deposited 
simultaneously  in  the  same  sea.  That  which  w^as  formed  by  pureJy 
mechanical  action  was  of  essentially  the  same  nature  as  the  rock 
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from  which  it  was  derived  —  in  the  present  case  supposed  to  be  of 
the  neutral  silicate  type.  That  which  was  derived  by  chemical  de- 
composition, besides  being  in  the  main  in  a  more  finely  comminuted 
condition,  contained  less  of  the  alkalies  and  alkaline  earths,  and  rela- 
tively more  of  silica  and  alumina.  In  other  words,  the  material 
would  have  passed  from  the  hypothetical  neutral,  to  the  acid  type, 
and  hence  from  a  supposed  neutral  rock  there  arose  a  sediment 
which,  on  recrystallization,  gave  an  acid  rock.  This  we  deem  a  con- 
sideration of  some  importance  in  following  geological  history,  whose 
main  function  is  the  narration  of  the  ceaseless  decay  and  growth  of 
rock. 

Comt  Erosion,  In  addition  to  the  solution  and  disintegration 
constantly,  however  slowly,  in  progress  over  the  whole  face  of  the 
land,  and  in  addition  to  the  mechanical  action  of  streams,  the  ocean 
itself  was  constantly  gnawing  at  the  edges  of  the  land.  The  ever 
active  waves  were  continually  wearing  the  shore,  and  carrying  the 
derived  material  back  into  the  deeper  water,  where  it  was  added  to 
the  accumulating  sediments.  Wave  action,  in  that  ancient  time,  as 
now,  ground  some  of  the  shore  rock  to  fine  flour.  Other  portions  were 
only  reduced  to  sand  or  pebbles,  while  the  massive  blocks  of  the 
cliffs,  which  it  undermined  and  threw  down,  were  sometimes  only 
rounded  before  they  were  buried  beneath  the  sands  of  the  shore. 
Shore  action,  therefore,  produced  at  once  the  material  for  shale, 
sandstone  and  conglomerate.  Chemically,  so  far  as  the  material 
was  decomposed,  it  became  like  that  from  the  general  surface  of  the 
land,  more  silicious  than  the  parent  rock.  The  coarser  material, 
which  was  merely  mechanically  worn,  remained,  for  the  most  part, 
like  the  ledges  and  cliffs  from  which  it  was  derived. 

Method  of  Deposition.  But  the  waves  were  garnerers  as  well  as 
destroyei's.  They  assorted  and  laid  away  the  material  gathered, 
for  future  hardening  into  rock.  By  their  more  violent  action  near 
the  shore,  they  washed  out  the  finer  sediment,  and  left  little  but  the 
coarser — the  sand  and  pebbles  and  bowlder-masses  from  the 
cliffs.  The  sands  were  driven  hither  and  thither  by  wind-waves 
and  tide,  and  arranged  in  layers  whose  attitude  changed  with  every 
changing  phase  of  the  current,  and  there  resulted  oblique  and  dis- 
cordant stratification.  Ripple  and  rill  marks  were  formed  and 
buried  as  witnesses  of  the  work.  The  finer  material^  winnowed 
.  from  the  coarser  grains,  was  borne  back  by  the  waves  to  greater 
depths  and  to  gentler  waters,  and  spread  over  the  bottom  in  lami- 
nated layers  of  progressively  finer  and  finer  material,  as  the  distance 
and  depth  increased. 

Thus,  from  a  supposed  uniform  parent  rock,  by  the  simple  agen- 
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cies  of  atmosphere  and  water,  there  were  produced  sediments  differ- 
ing widely  in  chemical  constitution  and  physical  character.  Wo 
have  sketched  the  process  in  detail,  because  it  is  a  typical  and  con- 
stant geological  method,  whose  activities  have  never  ceased,  from 
the  early  day  in  which  they  were  inaugurated,  to  the  present  hour.  . 
It  therefore  enters  into  all  subsequent  eras,  and  having  been  once 
clearly  conceived,  will  thereafter  demand  mention,  rather  than 
description. 

"Whether  the  formation  from  which  tlie  Laurentian  sediments 
were  derived  was  actually  a  portion  of  the  original  crust  cannot  be 
safely  asserted.  But  that  the  sediments  were  derived  in  a  manner 
similar  to  thai  we  have  sketched,  and  from  some  more  primitive 
rock,  is  put  beyond  question  by  the  constitution  of  the  formation. 
The  derived  material  was  of  the  nature  we  have  indicated,  i.  e., 
mainly  clays  and  sands,  rich  in  silica  and  alumina,  poor  in  lime  and 
magnesia,  but  with  a  notable  quantity  of  potash.  That  this  last 
ingredient,  usually  so  soluble,  should  liave  remained  in  the  sediment 
under  the  conditions  indicated,  is  somewhat  remarkable,  but  is  in 
hai-mony  with  the  "  well-known  power  of  argillaceous  sediments  to 
abstract  from  water  the  potash  salts  which  it  holds  in  solution,"  * 
and  with  the  property  of  earths  of  absorbing  and  retaining  it. 

Thickness.  The  thickness  to  which  these  sediments  accumulated 
W|as  something  enormous.  In  their  present  crystalline  state,  the  cur- 
rent estimate  of  30,000  feet  is  probably  not  too  great  for  thel  exposed 
portion,  though  the  original  Canadian  measurement  on  which  it  is 
based  included  beds  now  referred  to  the  Iluronian  series.  How 
much  may  lie  below  is  not  known,  since  the  base  is  not  exposed.  So 
great  an  accumulation  could  only  have  taken  place  on  a  subsiding 
bottom. 

Cause  of  Subsidence.  It  has  been  suggested  that  the  occasion  of 
such  subsidence  may  be  found  in  the  weight  of  the  accumulating 
sediments  themselves,  and  as  subsidences  accompany  nearly  or  quite 
all  great  accumulations,  the  explanation  derives  some  force  from  the 
ease  and  simplicity  with  which  it  explains  a  constantly  recurring 
phenomenon.  The  adequacy  of  the  agency,  however,  seems,  at  lirst 
thought,  more  than  questionable.  But  it  may  appear  otherwise  when 
it  is  considered  that  the  crust  of  the  earth  is  under  constant  hori- 
zontal pressure  from  the  contraction  attending  secular  cooling,  and 
that  every  portion  is  balanced  between  tendencies  to  bow  upward 
or  bend  downward  to  relieve  the  lateral  stress,  and  accommodate 

1  Hunt^s  Chemical  and  Geological  Essays,  pp.  22  and  95. 
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itself  to  the  contracting  core.  Xow  a  very  moderate  loading  otter 
a  wide  area^  accompanied  by  a  corresponding  unloading  of  an  adja- 
cent region,  may  be  quite  sufficient  to  determine  that  the  burdeneil 
area  shall  bend  downward  and  the  lightened  area  upward  under  the 
tangential  strain.  The  sediments  are  thus  conceived  to  be  the 
deeldin(f  a/jency  rather  than  the  effective  cause  of  the  flexure. 

Correlative  Difficulties.  This  view  explains  a  correlative  difficulty 
often  overlooked.  There  are  several  instances  where  essentially 
conformable  series  have  a  t^hickness  of  from  40,000  to  60,000  feet. 
Now  it  is  quite  clear,  upon  consideration,  that  no  such  enormous 
subsidences  affected  the  whole  continent,  for  either  (1)  it  must 
have  been  previously  elevated  to  an  altogether  incredible  height, 
or  else,  (2)  it  would  have  been  submerged  long  before  the  accumu- 
lation was  complete,  and  further  fragmental  sedimentation  would 
have  been  prevented  for  w^ant  of  a  source.  An  equally  grave  prob- 
lem is  encountered  in  attempting  to  find  an  adequate  source  for  the 
enormous  amount  of  material  required  for  such  a  series.  If  the 
present  Appalachian  mountain  range  were  cut  down  to  the  ocean 
level  and  strewn  over  an  equal  area  of  the  adjacent  Atlantic  bed,  it 
would  make  but  a  relatively  trivial  formation.  If  the  entire  conti- 
nent of  North  America  were  worn  to  the  sea  level,  it  would  not  give 
more  than  about  twice  the  material  of  the  Paleozoic  sediments  of 
the  Appalachian  region,  according  to  standard  estimates.  To  fur- 
nish the  requisite  material  for  the  whole  Paleozoic  series  of  the  con- 
tinent, from  the  contracted  areas  then  exposed,  would  require  a  most 
extraordinary  elevation  on  any  hyjx^thesis  of  general  continental 
subsidence. 

If,  however,  the  land  be  gradually  elevated  as  it  is  unburdened 
b}'^  wear,  while  the  adjacent  sea  bottom  correspondingly  sinks  under 
its  accumulations,  these  difficulties  vanish,  since  the  source  of  ma- 
terial is  continually  renewed.  The  generalized  conception  is  that  of 
the  sea  lx)ttoin  and  adjacent  land  surface  tending  to  rotate  about  an 
axis  near  the  shore  line,  the  former  descending  and  the  latter  as- 
cending. This  conception  is  supported  by  stratigraphical  e\idence 
throughout  geological  history,  subject,  however,  to  occasional  pro- 
found intercurrent  general  revolutions. 

WciH  thei'e  Life  ?  The  interesting  question  arises,  TVas  the  earth 
graced,  during  this  era,  \vith  either  animal  or  vegetable  life?  So 
far  as  the  formation  in  Wisconsin  has  thus  far  been  questioned,  it 
has  returned  no  direct  answer.  Xot  only  have  no  fossil  remains 
been  found,  but  no  organic  products  such  as  limestone  and  graphite, 
which  are  thought  to  indicate  the  presence  of  life.     But  this  evi- 
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dence  is  only  negative.    More  searching  investigation  in  the  fnture 
may  reveal  evidences  of  organic?  beings. 

It  has  been  maintained  that  in  the  contemporaneons  formations 
of  Canada,  extensive  beds  of  limestone  and  of  carbonaceous  matter 
occur,  and  that  these  may  be  regarded  as  a  safe  indication  of  the 
abundant  presence  of  life  at  the  time  of  their  formation.  It  has 
even  been  claimed  that  the  remams  of  a  Foraminifer,  to  which  the 
name  Eozoon  Canadense  has  been  given,  occur  in  the  serpentinous 
limestone  of  the  formation.  But  the  correctness  of  the  identifica- 
tion has  been  contested.  While  able  geologists  have  stoutly  affirmed 
its  organic  character,  others  have  as  stoutly  denied  it.  Leaving  this 
question  to  be  settled  by  further  collections  and  future  investiga- 
tions, it  may  yet  be  fairly  claimed  that  the  calcareous  and  carbona- 
ceous beds  indicate  the  presence  of  life,  since  such  formations  are 
clearly  shown  to  have  originated  through  the  agency  of  life  through- 
out subsequent  geological  ages,  and  are  not  known  to  hav6  arisen 
in  any  other  manner. 

But  a  serious  doubt  arises  as  to  whether  those  portions  of  the 
Canadian  series  containing  calcareous  and  carbonaceous  beds  are  the 
equivalent  of  the  Laurentian  series  under  discussion,  although  they 
have  heretofore  been  generally  referred  to  this  era,  and  have  been  de- 
scribed as  such  in  the  standard  text-books  of  the  science.  The  present 
director  of  the  Canadian  survey  maintains  that  all  these  beds  belong 
to  a  later  (Huronian)  age,  and  that  they  are,  therefore,  the  equiva- 
lents of  the  next  great  series  which  we  shall  have  occasion  to  con- 
sider. All  the  facts  thus  far  disclosed  in  Wisconsin  support  this 
view,  which,  pending  the  results  of  investigations  which  must  yet 
occupy  some  years,  we  shall  assume  to  be  the  correct  one.  The 
Archaean  rnnestones  and  iron  ore  beds  of  New  York  are  likewise 
considered  to  be  Huronian. 

This,  however,  does  not  settle  in  the  negative  the  question  of 
the  existence  of  life.  It  merely  sets  aside  the  main  evidence 
upon  which  its  existence  has  heretofore  been  predicated.  Certain 
theoretical  considerations  incline  most  geologists  of  the  present  day 
toward  an  affirmative  belief. 

At  most  no  more  than  25,000  or  30,000  feet  of  sedimentary  rock 
are  as  yet  known  to  lie  between  this  formation  and  th^  Primordial 
zone,  and  not  more  than  half  of  this  has  as  yet  been  generally  ac- 
cepted as  demonstrably  lying  within  the  interval.  But  the  Primor- 
dial zone  presents  an  array  of  life  representing  the  vegetable  kingdom, 
and  all  the  great  subdivisions  of  the  animal  kingdom  except  the 
vertebrates.    To  reach  so  ample  a  display  of  life  at  that  age,  those 
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geologists  who  believe  in  the  doctrine  of  slow  derivation  or  evolu- 
tion of  species,  and  those  who,  without  regard  to  such  hypotheses, 
believe  in  a  gradual,  systematic  introduction  of  life-forins,  must 
needs  maintain  the  existence  of  life  during  an  immense  anterior 
period.  Unless  the  intervals  between  the  series  were  of  incredible 
duration  (they  certainly  were  long),  it  seems  necessary  to  carry  the 
beginning  of  life  well  down  into  the  Laurentian  series,  and  even  then 
the  views  of  the  "  American  School "  of  evolutionists,  that  there 
were  periods  of  exceptionally  rapid  development  of  life  (in  opposi- 
tion to  the  view  of  extremely  slow  and  uniform  evolution),  would 
seem  to  be  best  supported. 

Again,  the  suggestion  made  above,  that  the  large  ingredient  of 
potash  found  in  the  Laurentian  rocks  was  due  to  the  power  of  argil- 
laceous sediment  to  absorb  that  alkali,  while  it  undoubtedly  has 
force,  does  not  carry  the  conviction  that  it  is  a  complete  or  adequate 
explanation,  and  the  question  may  fairly  be  raised  whether  a  nota- 
ble portion  of  the  potash  may  not  have  arisen  from  imbedded  marine 
vegetation.  AlgaB  at  the  present  time  extract  large  quantities  of 
potash  from  the  ocean,  and  by  their  death  and  burial  imbed  it  in  the 
sediments  now  accumulating.  That  they  did  so  in  past  ages  seems 
clearly  implied  by  the  potash  present  in  unleached  rocks,  rich  in 
fucoidal  remains.  There  is  some  ground,  therefore,  for  supposing 
tfhat  the  primitive  vegetation  made  large  contributions  of  potash  to 
the  dej)osits,  and  that,  when  the  sediments  were  of  an  earthy  or 
clayey  nature,  as  seems  to  have  been  largely  the  case  in  the  Lauren- 
tian era,  large  quantities  were  preserved  and  retained.  It  seems  quite 
necessary,  too,  to  suppose  that  there  was  an  important  era  of  vege- 
table life,  or  at  least  of  life  performing  the  functions  of  vegetation — 
that  of  transforming  inorganic  matter  into  organic, —  before  the 
introduction  of  the  true  animal  type  which  depends  upon  organic 
matter  for  its  food.  Many  of  the  earliest  known  forms  of  animal 
life  were  fixed  in  position,  and  dependent  for  their  support  on  the 
food  which  the  water  brought  to  them,  and  hence  the  sea  must  have 
been  essentially  saturated  with  organic  matter.  We,  therefore,  vent- 
ure the  suggestion  (it  is  nothing  more),  that  the  relatively  large 
ingredient  of  potash  in  the  Laurentian  series  may  in  part  be  the 
residue  of  vegetative  life. 

Period  of  Laurentian  Upheaval. 

Distortion  of  the  Beds,  The  long  period  of  Laurentian  subsidence 
and  sedimentation  at  length  drew  to  a  close,  and  the  accumulated 
material  underwent  a  most  extraordinary  transformation.     The 
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sands  and  clays  lay  originally  in  essentially  horizontal  beds.  But  at 
present  we  neither  find  horizontal  beds,  nor  sands  nor  clays.  The 
strata  are  crumpled  and  folded  in  the  most  intricate  manner.  Not 
only  have  the  great  series  of  beds  been  arched  and  compactly  folded 
upon  themselves,  but  even  the  thin  laminations  have  been  contorted 
and  crumpled  in  the  most  remarkable  manner.  The  axes  of  the 
folds,  in  the  region  of  Northern  Wisconsin,  run  mainly  northeast  and 
southwest,  varying  several  points  in  either  direction.  On  the  south- 
western margin,  however,  there  is  a  tendency  to  a  more  westerly 
and  northwesterly  trend,  somewhat  parallel  to  that  margin  of  the 
area. 

Nature  of  ike  Disturbing  Force  and  the  Direction  of  its  Action. 
Now  if  we  consider  attentively  the  dynamical  problem  which  this  fold- 
ing presents,  it  will  soon  become  evident  that  no  force  acting  directly 
from  beneath  was  competent  to  produce  the  effects  observed.  Such 
a  force  might  be  conceived  to  lift  the  strata  into  conical  points  or 
perhaps  even  ridges,  but  is  altogether  incompetent  to  produce  long 
folds,  closely  packed  side  by  side  against  each  other,  and  compressed 
by  a  force  which  it  is  difficult  adequately  to  conceive.  In  some  of 
the  folds,  not  only  have  the  sides  been  forcibly  pressed  against  each 
other,  but  the  folds  themselves  have  been  pushed  over  to  one  side, 
so  as  to  lean  at  a  very  considerable  angle, — a  phenomenon  quite 
unaccountable  on  the  supposition  of  a  force  acting  directly  from 
below.  Furthermore,  some  of  the  beds  present  specific  evidence  of 
the  direction  in  which  the  force  acted.  Certain  classes  of  shaly 
material,  .when  subjected  to  great  preisure,  assume  a  slaty  structure, 
the  cleavage  planes  of  which  stand  at  right  angles  to  the  compacting 
force.  This  phenomenon  has  been  repeatedly  imitated  artificially. 
To  some  extent,  in  the  fomfation  in  question,  and  more  signally  in 
other  formations  of  the  region  that  have  suflfered  similar  changes,  the 
direction  of  cleavage  planes  in  the  slaty  material  shows  that  the 
compressing  force  acted  horizontally.  The  entire  assemblage  of 
phenomena  attending  the  disturbance  agrees  with  this. 

To  apprehend  the  accepted  view,  conceive  an  immense  force  to 
push  the  strata  edgewise  from  the  southeast,  while  it  is  resisted  from 
the  opposite  direction.  The  strata  in  resisting  this  force  would  be 
compacted,  and  at  length,  in  yielding  to  it,  would  be  wrinkled  in  the 
manner  described.  That  the  force  acted  with  exceeding  slowness, 
as  well  as  immense  power,  is  attested  by  the  fact  that  the  strata  are 
compressed,  thickened,  and  bent,  rather  than  crushed  or  riven. 
Rock  substance,  however  seemingly  brittle,  yields  somewhat  as  a 
plastic  body  to  a  powerful  force  applied  with  sufficient  slowness. 
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This  property  is  greatly  increased  by  heat  and  moisture,  both  of 
which  would  be  present,  the  latter  as  the  residue  of  submarine 
accumulation,  the  former  as  the  necessary  result  of  the  compression 
of  such  a  mass  of  strq.ta.  It  is  perhaps  not  too  much  to  assume 
that,  at  certain  points  of  exceptional  stress,  the  rock  may  have 
become  so  far  plastic  as  to  be  intruded  into  the  surrounding  or  over- 
lying strata  after  the  fashion  —  but  not  exactly  in  the  condition — 
of  molten  rock. 

Attending  Metamorphism.  Ihe  crystallization  of  the  material  is 
strikingly  in  harmony  with  this  hypothesis  of  its  heated  condition. 
The  sediments,  while  still  in  their  horizontal  position,  doubtless  be- 
came solidified  into  somewhat  firm  rock  (1)  by  their  own  weight, 
(2)  by  their  tendency  to  cohere,  and  (3)  by  the  agency  of  cementing 
infiltrations.  But  there  is  no  reason  to  suppose  that  this  induced 
any  notable  degree  of  chemical  or  crj'^stalline  change.  But  in  their 
present  metamorphosed  condition,  instead  of  compacted  sand  and 
clay,  we  find  thoroughly  crystallized  rock,  in  the  form  of  granites, 
gneisses,  syenites,  hornblendio,  chloritic  and  micaceous  schists. 
These  show  that  a  profound  chemical  change  has  taken  place, 
wherein  the  matter  assumed  new  combinations.  •  At  the  same  time, 
compounds  of  like  kinds  collected  together,  under  the  control  of 
crystalline  forces,  and  assumed  the  form  of  definitely  crystallized 
minerals.  Sediments  that  may  originally  have  been  a  sandy  clay, 
composed  of  silica,  alumina  and  potash  mainly,  formed  granites, 
gneisses,  or  mica  schists.  The  potash,  alumina  and  quartz  united  in 
part  to  form  orthoclase  feldspar,  or,  in  diflfoVent  proportions^  together 
with  magnesia,  to  form  a  mica,  while  the  excess  of  silica  took  the 
form  of  crystalline  quarta  The  minor  incidental  constituents  of 
the  sediments  entered  into  these  minerals  as  replacement  elements, 
or  as  impurities,  or  formed  distinct  accessory  minerals.  When,  as  in 
some  cases  was  true,  there  was  a  larger  proportion  of  the  basic  mate- 
rial, as  lime,  iron,  etc.,  hornblende  and  allied  minerals  were  formed, 
giving  rise  to  syenitic  rocks.  Where  these  basic  elements  existed  in 
still  larger  proportions,  and  the  silica  was  relatively  less  abundant, 
hornblendic  and  allied  rocks  were  formed,  and  in  similar  ways  other 
variations  in  the  constitution  of  the  sediments  gave  rise  to  other 
variations  in  the  crystalline  results. 

These  changes  were  not  carried  so  far,  in  most  cases,  as  to  destroy 
all  traces  of  the  oii^inal  bedding  of  the  sediment,  or  to  mix  the 
material  of  adjacent  layers  in  any  notable  measure.  There  are  cer- 
tain massive  portions,  however,  in  which  nearly  all  distinct  traces  of 
original  sedimentation  are  obliterated. 
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To  conceive  in  detail  of  the  exact  method  by  which  these  remark- 
able transformations  took  place,  lays  a  heavy  tax  upon  the  scientific 
imagination,  and  certainly  transcends  the  limits  of  demonstrable 
science.  In  general  terms,  however,  the  metamorphism  may  quite 
safely  be  said  to  be  due  to  combined  chemical  and  molecular  forces, 
acting  under  the  conditions  of  (1)  pressure,  (2)  heat,  and  (3)  moisture. 
Beyond  reasonable  doubt  the  strata  in  question  presented  these  con- 
ditions, while  undergoing  the  distortions  already  described.  • 

Cause  of  the  Horizontal  Force.  It  remains  to  find  an  assignable 
cause  for  the  horizontal  force  which  produced  these  results. 

Eecalling  that  the  earth  was  a  cooling  and  consequently  contract- 
ing sphere,  it  is  clear  that  the  external  layers  must  have  soon  be- 
come too  large  for  the  shrinking  core.  This  would  result  in  a 
tendency  of  the  latter  to  withdraw  its  support  from  beneath.  But 
the  great  weight  of  the  upper  layers,  together  with  the  extremely 
low  arch  which  the  curvature  of  so  large  a  sphere  gives,  would  force 
the  strata  to  accommodate  themselves  to  the  contracting  core.  The 
effort  of  each  portion  of  the  crust  to  settle  down  would  cause  a 
lateral  crowding  of  the  beds,  the  cumulative  effects  of  which,  for  a 
large  segment  of  the  crust,  would  be  exceedingly  great,  and  would 
cons'titute  a  force  generally  regarded  as  competent  to  compass  the 
observed  results.* 

The  first  effect  of  the  attempt  of  the  outer  shell  to  settle  down 
upon  the  interior  would  be  to  powerfully  compress  the  beds.  But 
when  the  limit  of  their  compressibility  under  the  existent  condi- 
tions was  reached,  further  contraction  could  only  be  accomplished 
by  the  wrinkling  of  the  layers  themselves,  whereby  the  greater 
portion  of  the  crust  was  permitted  to  sink  dowivwith  the  contracting 
core,  while  ceitain  belts  were  forced  up  into  folds.  The  portion  which 
would  yield  was  not  necessarily  that  which  was  thinnest  and  in- 
herently weakest,  but  may  have  been  that  portion  whose  attitude 
placed  it  in  a  position  unfavorable  for  resistance.  For  instance,  if 
the  strata  had  been  previously  bent  downward  by  sedimentary 
accumulations  upon  them,  or  bent  upward  by  any  pre-existent  cir- 

1  While  holding  with  some  confidence  to  the  generally  accepted  view  that  these 
results  are  due  to  the  contraction  incident  to  cooling,  it  is  due  the  reader  and 
certain  ahle  scientists  to  remark  that  this  view  is  not  universally  accepted.  This 
non-concurrence  has  found  its  most  pronounced  and  definite  expression  in  a  re- 
cent work  entitled  "  Physics  of  the  Earth's  Crust,"  by  the  Rev.  O.  Fisher,  in 
which  it  is  maintained  that  contraction  is  not  an  adequate  cause.  It  is  not  clear, 
however,  that  the  data  upon  which  his  computation  is  based  are  trustworthy,  and 
there  are  presumable  sources  of  contraction  incidental  to  cooling  that  seem  not 
to  have  been  considered. 
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oumstance,  such  portions  would  be  most  liable  to  yield  and  relieve 
the  strain,  though  they  might  perhaps  be  even  thicker  than  other 
portions  which  remained  unflexed  because  more  favorably  situated 
for  resistance. 

It  seems  to  be  a  law  of  geological  history,  that  the  greatest  fold- 
ings took  place  where  there  had  been  previously  the  greatest  sedi- 
mentation. This  may  be  attributed  to  the  downward  curvature  of 
the  beds  qf  that  region,  which  threw  them  into  an  unfavorable  posture ' 
for  resisting  horizontal  force.  This  suggests  a  probable  reason  why 
the  thick  Laurentian  sediments  of  our  region  suffered  such  exceptional 
folding.*  The  great  thickness  to  which  they  accumulated,  near  the 
ancient  shore,  may  be  supposed  to  have  caused  a  gradual  downward 
curving  of  their  floor,  and,  at  length,  also  of  the  lower  beds  them- 
selves. Their  great  thickness  makes  this  essentially  certain.  When 
this  depression  reached  such  a  degree  as  to  throw  the  beds  notably 
out  of,  or  across,  the  lines  of  greatest  strain,  their  power  of  resist- 
ance was  reduced,  and  they  gave  way  and  suffered  wrinkling  and 
compacting.  Their  yielding  permitted  an  extensive  adjacent  area  to 
settle  down  undisturbed  upon  tho^  shrinking  interior,  or,  more  accu- 
rately speaking,  the  subsidence  of  the  adjacent  area  determined  the 
folding  at  this,  the  weakest  point. 

"We  may  even  determine  with  much  probability  the  adjacent  seg- 
ment of  the  crust  that  did  the  work.  If  a  line  be  drawn  at  right 
angles  to  the  Laurentian  folds  —  the  dire^ion  in  ^\^lich  the  force 
acted — it  will  encounter  a  similar  series  of  folds  in  the  Atlantic 

Fig.  3. 
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Ideal  Profilss  of  a  Segment  of  the  Earth's  Cauffr,  intended  to  illustrate  the  accompanying 
theory  of  subsidence  and  upheaval.  In  the  uppor  profile,  the  dotted  portion  illustrates  the  fact 
of  greater  accumulation  of  sediment  near  the  shore  than  in  the  central  portions  of  the  ocean. 
The  difference  is  really  much  greater  than  the  figure  represents.  It  at  the  same  time  illustrates 
the  depression  of  the  crust  that  accomjxinies  the  accumulation  of  the  sediment.  The  lower  profile 
is  intended  to  show  the  horizontal  action,  and  consequent  folding  of  the  sediments  and  subjacent 
rock,  produced  by  the  settling  of  the  arch. 


*  It  is  manifest  that  the  whole  crust  could  not  have  been  folded  to  an  equal 
degree,  for  the  beds  in  question  were  compacted  so  as  to  cover  a  very  mucli  less 
area  than  before  —  probably  less  than  one  half.  It  is  of  course  incredible  that  the 
whole  crust,  or  any  considerable  part  of  it,  was  reduced  to  any  such  an  extent. 
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border  region.^  Between  these  regions,  the  ancient  crystalline  rocks 
had  settled  down  to  considera'ble  depths.  But,  owing  to  the  sphericity 
of  the  earth,  they  still  had  the  form  of  a  low,  broad  arch,  and  prob- 
ably have  even  to  this  day,  notwithstanding  all  subsequent  subsidence. 
Tlie  accompanying  cross  section  will  make  the  situation  more  clear. 
It  is  evident  that,  as  the  interior  contracts,  and  tends  to  leave  this 
broad  low  arch  unsu^pported,  its  weight  must  exert  an  enormous  lat- 
eral pressure  at  its  feet.  The  pressure  so  produced  would  be  exceed- 
ingly slow  in  operation  since  the  producing  cause  came  slowly  into 
action. 

It  is  quite  possible  that  the  agencies  above  sketched  are  only  a 
part  of  the  forces  engaged  in  the  stupendous  work  of  crumpling  the 
crust  and  metamorphosing  its  material. 

Arrunint  of  Elevation,  At  the  beginning  of  this  great  era  of  dis- 
turbance, the  formation  under  consideration  lay  beneath  the  ocean 
that  formed  it.  But  under  the  action  of  the  great  forces  that 
thickened  and  folded  the  strata,  it  was  forced  up  from  the  sea,  and 
became  a  new  area  of  land.  The  height  which  it  reached  can  be 
only  vaguely  estimated  from  the  remnants  of  the  folds  that  still 
exist,  and  from  the  immensity  of  the  sediments  that  have  been  de- 
rived therefrom.  Judging  from  these,  the  total  amount  of  elevation 
was*  prodigious,  but  it  was  a  slow  process,  contemporaneous  in  part 
with  the  sedimentation,  and  hence  probably  suffered  much  denuda- 
tion while  being  elevated,  so  that  the  actual  height  attained  is  uncer- 
tain, but  it  is  quite  probable  that  the  Archa3an  mountains  successfully 
rivaled  those  of  later  times.  The  elevation  of  the  surface  was  prob- 
ably due  in  part  to  the  thickening  of  the  strata,  resulting  from  lat- 
eral compression,  and  partly  to  their  folding. 

AVTien  first  elevated,  doubtless  that  portion  which  now  lies  in 
Wisconsin  was  united  with  the  larger  area  lying  to  the  north,  and 
the  whole  extended  beyond  the  limits  now  revealed  to  observation. 

Igneous  Phenomena  of  the  Laurentian.  The  Laurentian  rocks 
are  frequently  traversed  by  dykes,  veins,  or  irregular  masses  of  in- 
truded rock.  These  are  most  commonly  composed  of  granite,  but 
are  sometimes  of  the  darker  basic  classes.  It  has  not  been  deter- 
mined hgw  far  the  phenomena  may  be  due  to  true  igneous  penetra- 
tion from  below,  and  how  far  to  the  rendering  of  the  rock  of  certain 
portions  of  the  series  sufficiently  plastic  by  heat  and  moisture  to  be 
forced  into  the  cracks  and  fissures  of  adjacent  portions.     In  either 

1  The  Archsean  folds  on  the  eastern  margin  of  the  belt,  and  not  the  Palasozoic 
ones,  are,  of  course,  here  referred  to. 
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case  the  essential  nature  of  the  action  was  the  same,  the  difference 
being  in  degree  of  liquefaction  and*  the  source  of  material.  We 
incline  to  refer  the  granite  intrusions  mostly  to  the  latter  class,  re- 
garding them  as  but  softened  portions  of  Laurentian  gneiss  pressed 
into  adjacent  fractures  of  the  rock.  Some  support  for  this  view  is 
,  thought  to  be  found  in  the  similarity  of  comix)sition  between  the 
intruded  granites,  and  the  gneisses  and  bedded  granites  of  the  series, 
and  also  in  the  irregular,  sprangled  form  of  the  intruded  masses, 
and  in  their  local  extent.  When  it  is  considered  that  the  rocks  now 
exposed  originally  lay  many  thousand  feet  below  the  surface,  and 
were  subjected  to  enormous  pressure,  which,  as  the  yielding  strata 
changed  their  attitude  relative  to  the  compressing  force,  must  at 
some  points  have  been  brought  to  bear  with  extreme  power,  and 
have  been  subsequently  relieved,  in  part,  as  the  beds  took  a  new 
position,  it  is  not  surprising  that  local  plasticity  should  ha  Ye  been 
induced  and  the  softened  rock  forced  to  invade  neighboring  portions 
of  the  series.  That  there  were  instances  of  typical  igneous  inva- 
sion from  below  is  not,  however,  to  be  doubted.  Some  apparently 
intrusive  sheets  may  be  due  to  aqueous  deposition,  and  are,  there- 
fore, veins  in  the  stricter  sense  of  the  term. 

Interval  Between  Laurentian  Elevation  and  Huronian  Sedi- 

mentation. 

We  have  said  that  Laurentian  sedimentation  drew  to  a  close,  but 
it  was  only  because  the  elevatory  forces  just  described  forced  the 
beds  up  from  the  ocean,  and  prevented  further  accumulation  upon 
them.  But  sedimentation  elsewhere  did  not  cease.  The  wash  of 
the  land,  the  wear  of  the  waves  and  the  settling  of  silts  beneath 
the  sea,  continued  ceaselessly.  Even  while  the  great  elevation  was 
in  progress,  the  land  was  being  worn  and  beds  were  accumulating 
in  the  adjacent  sea,  and  as  soon  as  it  reached  its  loftiest  height,  it 
began  at  once  to  be  cut  down  and  carried  back  to  the  sea,  by  the 
agency  of  the  great  leveler,  water. 

Of  the  sediments  formed  during  the  elevation  and  immediately 
after —  for  a  time  whose  limits  are  yet  unknown  — we  know  noth- 
ing. They  are  deeply  buried  from  sight  in  our  region,  and,  if  their 
equivalents  elsewhere  have  been  seen,  they  have  not  yet  been  deter- 
mined to  be  such.  So  far,  therefore,  as  the  details  of  its  history  are 
concerned,  it  is  an  unrevealed  chapter.  The  record  is  not  destroyed, 
as  are  certain  pages  of  human  history,  but  it  has  not  yet  been  reached 
and  read.  In  this  interval  there  may  have  been  disturbances  inter- 
rupting and  modifying  the  steady  progress  of  land  wear  and  ocean 
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deposit,  but  of  this  there  is  no  present  trustworthy  evidence,  and  it 
seems  most  in  harmony  with  the  general  tenor  of  the  testimony  of 
our  region,  as  well  as  most  prudent  and  judicious,  to  regard  the  un- 
revealed  interval  as  embracing  only  a  long  period  of  wash  and  wear, 
and  slow  lowering  of  the  mountainous  land,  without  prejudice,  how- 
ever, to  the  acceptance  of  an  intervening  disturbance,  should  ade- 
quate evidence  of  it  arise  from  future  investigation. 

American  Distribution.  The  areas  occupied  by  the  Laurentian 
formation  on  this  continent  will  be  best  seen  by  reference  to  the  map 
of  earliest  land,  Plate  1,  and  the  general  geological  maps  of  Wis- 
consin and  the  United  States,  Plates  II  and  III.  These  last  map 
the  areas  as  now  exposed,  which  differ  from  the  areas  exposed  at  the 
dose  of  the  Laurentian  upheaval,  for  some  portions  of  the  latter  have 
been  since  covered,  and  some  not  then  exposed  may  have  since  been 
uncovered. 

Foreign  JEquivalents.  When  the  whole  surface  of  the  globe  shall 
have  been  carefully  studied,  Laurentian  areas  will  doubtless  be  found 
to  form  numerous  centers  of  growth  on  all  the  continents.  At  present, 
outside  of  Europe  little  is  known.  The  formation  is  well  developed 
in  northwest  Scotland  and  the  Hebrides.  Some  limited  areas  are 
held  to  occur  in  Wales  and  Ireland.  The  Scandinavian  peninsula 
presents  a  large  development,  which  reaches  into  northwestern  Rus- 
sia. It  also  occurs  in  northeastern  Bussia  and  in  the  Urals,  also  in 
Bavaria  and  Bohemia,  and  forms  the  nucleus  of  the  Alps  and  Car- 
pathians. In  the  Himalayas  and  in  the  peninsula  of  India,  there  are 
large  areas  of  gneissic  rocks,  a  portion  of  which  are  probably  Lau- 
rentian. 


CHAPTER  V. 

HTJRONIAN  AGE. 

Synoptical  Notes  on  Huronian  Formation.  Name  derived  from  Lake  Huron, 
on  the  north  side  of  which  the  formation  is  well  developed.  Known  in  Wisconsin 
and  Michigan  as  the  Iron-bearing  formation.  Probably  embraces  also  the  great 
iron  deposits  of  IVIissouri,  New  York,  and  Canada.  Consists  of  a  variety  of  va- 
riously metamorphosed  sediments,  embracing  quartzites,  limestones,  clay  slates, 
micaceous,  homblendic,  carbonaceous,  and  magnetic  schists,  and  diorites  and 
porphyries  of  doubtful  origin.  Thickness  18,000  feet,  more  or  less.  Strata  arched, 
and  sometimes  folded,  but  not  usually  closely  crumpled  and  compacted  like  the 
Laurentian.  Constitutes  the  Penokee,  Menominee,  and  Black  river  iron  ranges, 
the  quartzite  and  porphjrry  outliers  of  central  Wisconsin,  and  the  quartzites  of 
Barron  and  Chippewa,  and  probably  of  Marathon  and  Oconto  counties.  Exist- 
ence of  life  probable. 

For  details,  see  Vol.  11,  pp.  24»-256  (Chamberlin),  484-5,  498-9,  504-24  (Irving); 
Vol.  Ill,  pp.  6-7,  100-166  (Irving),  225-33  ( Jul ien),  250-301  (Wriglit),  334-6  (Sweet), 
437-599 (Brooks),  600-656  (Wichmann),  607-734  (Wright);  Vol.  IV,  573-581  (Cham- 
berlin), 617-715  (Irving). 

Huronian  Geography.  At  length  the  unrevealed  interval  gave 
place  to  a  known  era.  In  the  progress  of  erosion  and  subsidence 
the  sea  advanced  upon  the  Laurentian  lands,  and  separated  from 
them  a  large  island  within  our  northern  boundaries,  and  two  or 
three  smaller  ones,  as  it  would  seem,  in  the  adjacent  territory  of 
Michigan.  To  the  former,  for  convenience,  the  name  Isle  Wisconsin 
may  be  assigned,  since  it  became  the  nucleus  about  which  gathered 
the  later  formations  of  our  State,  and  to  the  latter,  that  of  Michigan 
Island's,  The  approximate  location  and  boundaries  of  these,  so  far 
as  discernible,  are  indicated  upon  the  following  sketch  map,  which 
exhibits  the  general  features  of  the  geography  of  the  region  during 
the  period  of  Huronian  sedimentation.  The  boundaries  are  approx- 
imately those  which  limit  the  Laurentian  rocks  as  now  exposed  by 
denudation.  In  some  portions,  this  is  known  to  represent  very 
closely  the  actual  outline  in  the  ancient  period  named.    In  others, 

• 

it  may  be  less  approximate,  but  it  is  thought  best  to  give  a  correct 
idea  of  its  present  stratigraphic  geography,  based  on  definite  evi- 
dence, even  if  it  depart  in  unessential  particulars  from  the  actual 
ancient  outline,  since  the  mapping  which  it  is  desirable  to  retain 
permanently  in  mind,  is  that  of  the  present  area  of  the  formation. 
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These  islands  appear  to  have  been  at  one  time  lofty  and  mountain- 
ous. The  girdling  seas  gnawed  away  at  their  shores  and  spread  the 
erosion-product  over  the  bottom  about  them,  building  up  a  new 
formation  by  the  degradation  of  the  old.  A  glance  at  the  map  will 
show  that  their  shores  were  not  equally  exposed  to  the  violence  of 
the  waves  of  the  great  ocean.  There  were  open  seaward  coasts  ex- 
posed to  oceanic  violence,  and  protected  straits  and  basins  where 
more  quiet  conditions  prevailed.  The  deposits  bear  witness  to  this. 
On  the  southern  and  western  coasts,  exposed,  as  they  were,  to  the  full 
force  of  the  ocean  waves,  coarse  sand  and  pebbles  were  all  that  could 
Be  on  the  shallow  sea  bottom,  except  some  finer  material  infiltrated 
between  the  coarse  particles,  or  occasionally  forming  interstratified 
layers.  But  within  the  straits  and  protected  basins  among  and 
behind  the  islands,  much  finer  and  much  more  varied  deposits  took 
place.  We,  therefore,  turn  from  the  general  sketch  of  the  forma- 
tion to  the  more  marked  local  peculiarities. 

Local  Characteinstics,  Penokee  Region,  Along  the  Penokee  range 
the  Huronian  beds  are  found  abutting  against  a  wall  of  Laurentian 
rock  which  formed  the  ancient  shore  line,  and  definitely  marked  the 
southern  limit  of  the  primitive  Superior  Sea}  Here  we  find  a  series 
of  Huronian  beds  nearly  13,000  feet  in  thickness.  These  are  now  up- 
turned and  metamorphosed,  but   the  history  of  their  formation 

remains  for  the  most  part  legible. 

The  Penokee  Series.  1.  Limestone,  The  lowest  member  ex- 
posed to  view  is  a  crystalline,  magnesian  limestone,  130  feet  in 
thickness, —  the  earliest  limestone  known  in  our  series.  Its  bedding, 
and  its  association  with  aqueous  sediment,  show  that  it  was  depos- 
ited beneath  water  as  a  calcareous  sediment.  The  source  of  its  ma- 
terial deserves  special  consideration.  The  student  will  perceive,  on 
a  moment's  reflection,  that  neither  the  simple  decay,  nor  the  wear,  of 
the  adjacent  Laurentian  rocks  would  give  a  material  made  up  al- 
most wholly  of  lime  and  magnesia,  for  the  Laurentian  rocks  contain 
these  ingredients  only  in  very  subordinate  quantity,  and,  further- 
more, these  are  among  the  ingredients  remo^^ed — not  left  —  by  de- 
cay. The  ordinary  sediments  resulting  from  decay  and  wear  are 
clays  and  sands,  not  limestone. 

In  later  ages  there  is  the  clearest  evidence  that  the  great  lime- 
stone formations  were  made  from  the  calcareous  remains  of  marine 

I  This  was  not  then  a  vertical  wall  as  it  now  appears,  because  it  has  since  been 
disturbed  in  common  with  the  Huronian  strata.    But  if  the  latter  be  depressed 
to  their  original  position,  the  Laurentian  slope  where  observed  would  be  about 
80°,  which  may  be  taken  as  the  decUvity  of  the  Laurentian  shore. 
Vol.  I  — 6 
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life,  in  ways  that  will  appear  more  olearly  as  we  proceed  It  is 
probable  that  the  ancient  bed  of  limestone  under  consideration  was 
formed  in  a  similar  way,  although  no  distinct  traces  of  fossils  have 
yet  been  discovered  in  it.  It  is  highly  magnesian  and  is  a  dolo- 
mite, rather  than  a  limestone  proper.  It  is  also  impure  from  the 
presence  of  silicious  and  aluminous  material. 

DetriUd  Beds.  Overlying  this  formation  at  some  points  is  a  bed 
of  white  granular  quartzite,  which  indicates  that  the  deposition  of 
calcareous  sediment  was  followed  by  an  accumulation  of  quartz 
sand. 

Upon  this  lie  beds  of  quartz  schist,  and  argillaceous  mica  schist, 
having  together  a  thickness  of  about  400  feet.  These  were  prob- 
ably originally  a  deposit  of  sand,  and  sandy,  calcareous  and  mag- 
nesian clay,  derived  mainly  by  ordinary  wear  and  decomposition 
from  the  adjacent  land. 

Above  these  is  a  thick  series  of  beds  of  iron-bearing  and  silicious 
schists  and  quartzites,  which  now  form  the  crest  of  Penokee  Iron 
Bange.  These  have  together  a  known  thickness  of  about  800  feet. 
They  appear  to  have  consisted  originally  of  beds  of  fine  impure 
sand,  with  lenticular  layers  of  iron  ore  thickly  sandwiched  through 
the  mass. 

Origin  of  iJie  Iron  Ore.  The  origin  of  the  silicious  material  can 
be  confidently  referred  to  the  atmospheric  decomposition,  and  the 
wearing  and  assorting  work  of  streams  and  waves,  acting  upon  the 
granitic  and  other  silicious  rock  of  the  adjacent  Laurentian  land. 
To  account  for  the  iron  ore  is  less  easy.  It  occurs  (1)  in  thin  layers, 
or  (2)  more  frequently  in  lenticular  masses  a  few  inches  in  thickness, 
inserted  irregularly  among  the  laminations  of  the  schist,  and  (3)  in 
scattered  particles  disseminated  through  the  rock.  In  its  present 
form  it  is  largely  magnetic  ore,  though  the  specular  variety  is  pres- 
ent. In  some  places  both  these  forms  have  been  reduced  to  hema- 
tite and  limonite  by  subsequent  changes. 

The  manner  in  which  the  iron  is  associated  with  quartzose  mate- 
rial boars  a  somewhat  close  resemblance  to  the  way  in  which 
magnetic  iron  sands  are  distributed  through  the  quartz  sand  of  cer- 
tain beaches;  as  may  be  seen  at  many  points  on  the  shore  of  Lake 
Michigan,^  at  the  present  time,  and  as  is  reported  to  be  the  case  on 
the  coast  of  Labrador,  where  the  ocean  is  now  acting  upon  the  same 
formation  that  the  ancient  Huronian  sea  did,  in  its  day,  in  the 
Penokee  region.     This  similarity  suggests  a  like  derivation  —  an  ex- 

iVol.  n,  p.  289. 
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planation  applicable  to  many  of  the  features  of  the  deposit^  bat  it 
does  not  very  satisfactorily  account  for  other  characteristics.  It  cer- 
tainly seems  inapplicable  to  some  of  the  great  iron  deposits  that 
occur  in  the  Huronian  series. 

The  most  probable  explanation  of  the  massive  iron  ore  beds^  in 
general,  refers  their  origin  to  organic  agencies.  Meteoric  waters 
charged  with  decomposable  organic  matter,  percolating  through  the 
soil  and  surface  rock,  change  its  iron  ingredient  from  the  insoluble 
to  the  soluble  form,  and  bear  it  onward  and  at  length  out  into  some 
adjacent  body  of  water,  into  which  the  drainage  is  discharged. 
Here  it  is  reoxidized  by  free  contact  with  the  atmosphere,  and  pre- 
cipitated in  the  insoluble  form,  and  thus  accumulates  in  beds.  Bog 
ore  is  now  being  deposited  in  this  manner,  and  the  ores  of  the 
Clinton  and  Coal  periods  are  generally  attributed  to  similar  action. 
Little  hesitancy  would  be  felt  in  referring  the  Huronian  deposits  to 
the  same  agency,  if  there  were  any  independent  evidence  of  the 
prevalence  of  land  vegetation.  There  is,  as  we  shall  see,  independ- 
ent evidence  of  life,  but  it  has  not  usually  been  thought  to  have 
been  terrestrial  Lowland  or  marsh  vegetation  would  probably  fur- 
nish the  requisite  conditions,  and  there  is  no  reason  for  doubting  its 
existence  except  the  want  of  direct  evidence  of  it  in  this  and  the 
succeeding  formations.  ^Notwithstanding  this  doubt,  no  equally  sat- 
isfactory explanation  of  the  origin  of  the  massive  iron  ores  has  been 
proposed. 

Slatesy  Schists  cmd  Diorites.  Upon  the  magnetic  schists  there  re- 
pose a  series  of  black,  mica-bearing  slates,  alternating  with  diorites 
(jploffirhom)  and  schistose  quartzites,  including  several  horizons  which 
are  concealed  by  superficial  material,  and  whose  cliaracter  is,  there- 
fore, unknown.  Among  these  there  appear  to  be  included  those 
horizons  which,  in  the  Marquette  region,  bear  the  rich  iron  ores. 
They  are  here  doubtless  concealed  because  of  their  softness,  owing 
to  which  they  have  been  more  deeply  eroded  by  denuding  agencies. 
Whether  these  horizons  are  iron-bearing  here,  remains  to  be  deter- 
mined by  actual  removal  of  the  drift.  The  mica  slates  were  origi- 
nally clay  beds,  probably  containing  some  carbonaceous  matter.  The 
schistose  quartzites  were  silicious  sandstones  or  quartzose  clays. 
What  the  diorites  were  originally  is  yet  an  open  question,  it  being 
maintained,  on  the  one  hand,  that  they  are  metamorphosed  basic 
clays,  and,  on  the  other,  that  they  are  ancient  lava  flows,  modified 
by  long  continued  chemical  action.  This  series  reaches  a  total  thick- 
ness of  about  3,500  feet. 

Mica  Schists.  Above  this  is  found  a  still  thicker  series  of  mica 
schists  which  were  probably  once  mixed  clayey  sediments.    This 
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aeries  now  measures  neariy  8,000  feet  in  thickness,  making  the  entire 
group  of  the  region  embrace,  as  above  stated,  about  13,000  feet  of 
strata. 

It  will  be  observed,  in  glancing  over  the  whole,  that  the  great 
mass  of  the  series  was  formed  from  the  ordinary  sediments  arising 
from  rock  disintegration,  and  that  they  were  unquestionably  derived 
from  the  adjacent  Laurentian  land.  The  exceptions  to  this  state- 
ment are  found,  (1)  in  the  limestone,  probably  derived  from  the 
remains  of  marine  life,  (2)  in  the  iron  ores,  a  portion,  at  least,  of 
which  probably  arose  through  organic  action,  and  (3)  possibly  the 
diorites,  which  may  have  had  an  igneous  origin. 

Huronian  of  the  Menominee  Iie<fion.  Waiving  for  the  present 
the  subject  of  the  tilting  and  transformation  of  these  beds,  let  us 
pass  to  a  comparison  with  the  deposits  that  took  place  in  the  Menom- 
inee region,  where  the  accumulations  gathered  in  what  seems  to 
have  been  a  strait,  or  bay,  even  more  protected  from  violent  action 
than  the  Penokee  region,  as  \vill  be  observed  by  glancing  at  the 
map.  The  deposits  here,  while  corresponding  in  general  with  those 
of  the  Penokee  region,  differ  from  them  in  precisely  those  respects 
which  might  be  anticipated  in*  view  of  the  above  conditions. 
There  were  (1)  larger  ingredients  of  fine  detrital  material,  as  indi- 
cated by  the  great  clay  beds,  slates,  and  fine  textured  schists,  (2)  a 
larger  proportion  of  calcareous  and  magnesian  deposits,  (3)  a  larger 
proportion  also  of  iron  ore,  so  far  as  present  developments  show,^ 
and  (4)  more  particularly,  a  vast  increase  of  carbonaceous  material. 

The  Iron  Ores.  The  iron  ores  are  here  associated  with  clay-slates 
and  carbonaceous  schists,  as  well  as  with  the  quartzite,  and  exist  in 
beds  of  great  thickness  and  richness.  Industrially  considered,  they 
constitute  much  the  most  important  element  of  the  formation,  and 
have  recently  given  rise  to  a  settlement  and  development  of  the 
district  quite  extraordinary.  A  region  that  five  years  ago  was  an 
almost  unbroken  wilderness  is  now  dotted  with  thriving  towns,  and 
resounds  with  the  scarcely  interrupted  rumble  of  passing  trains. 
Ore  shipments  that  began  in  1877  reached  in  1880,  592,288  tons,  or 
nearly  half  as  much  as  the  famous  Marquette  district  itself.^ 

The  ore  occurs  in  definitely  stratified  beds,  which  show  a  pro- 

iThe  supposed  equivalents  of  the  higher  iron-bearing  horizons  of  the  Mar- 
quette and  Menominee  districts  are  concealed  in  the  Penokee  region,  and  have 
not  yet  been  uncovered,  and,  therefore,  the  limitation  of  this  statement  to  jpre^nC 
development  is  not  to  be  overlooked. 

2  Report  of  the  Ck)mmissioner  of  Mineral  StatiflFtics  for  Michigan  (C.  E.  Wright). 
This  statement  embraces  the  production  of  the  Menominee  range  in  Michigan 
as  weU  as  in  Wisconsin. 
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Fio.  4. 


Lenticttlar  Orb  Bed,  formed  by  the  trans- 
fonxiBtion  of  ferruginous  schist. 


nonnceJ  tendency  to  assume  lenticular  forms,  swelling  out  at  points 
to  a  thickness  of  one,  two,  three  or  four  score  feet,  and  then  soon 

"  pinching  up  "  to  a  narrow  seam. 
There  are  two  varieties  of  lenticu- 
lar aggregation.  In  one,  the  rich 
ore-lenses  appear  to  be  transformed 
portions  of  leaner  silicious  ores, 
from  which  the  silica  has  been 
removed  by  solution,  and  iron  ore 
concentrated  in  its  stead.  In  this  case,  the  original  bedding  lines 
may  be  traced  through  the  ore  mass  parallel  to  each  other.  In  the 
other,  the  lenticular  masses  are  original  deposits,  and  the  beds  above 
and  below  bend  around  them,  as  illustrated  in  the  accompanying 
figure. 

*        Fia.  5.  The  ores  belong  mai  nly  to 

the  hematitic  class,  several 
varieties  of  which  are  repre- 
sented. A  peculiar,  soft, 
granular,  blue-black,  specu- 

L«ncuLAB  Or.  Bed.  formed  between  the  layers  of     ^^^  ""^^''^^Y  '^  ^^^  prevailing 

adjacent  rock.  type  east  of  the  Menominee 

river.  It  is  apparently  the  result  of  secondary  action  through  the 
agency  of  water,  whereby  a  magnetic  flag-ore  has  been  freed  from 
silica  and  enriched  in  ore,  attended  by  a  change  of  magnetite  to 
specular  hematite  (raartite).  Unchanged  magnetite  still  occurs  in 
the  rock  belt  which  incloses  the  ores.  On  the  west  side  of  the 
Menominee,  at  the  Commonwealth  mine,  soft,  specular,  and  some- 
times velvety  ores  occur,  together  with  red  hematite.  At  the  Flor- 
ence mine,  soft,  red  hematite  and  brown  limonitic  ores  prevail, 
associated  with  some  slaty  specular  ore. 

At  other  Wisconsin  localities,  less  developed,  red  and  specular 
hematites  are  the  principal  ores,  with  sometimes  magnetite  on  the 
one  hand  and  limonite  on  the  other. 

Besides  the  rich  ore  aggregated  in  lenses,  pockets,  or  beds,  in  suffi- 
cient richness  to  repay  mining,  it  is  to  be  understood  that  there  are 
very  much  greater  quantities  disseminated  more  or  less  richly 
through  great  groups  of  strata,  constituting  lean  ores,  approaching 
with  varying,  and  often  tantalizing,  degrees  of  closeness  the  market- 
able ores.  It  is  within  these  wider  ferruginous  belts,  that  the  richer 
masses  are  found.^ 


1  For  details,  see  Vol.  III.  pp.  429-734. 
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Carbonaceous  Slude.  One  of  the  most  geologically  striking  char- 
acteristics of  this  formation  consists  of  large  deposits  of  black  car- 
bonaceons  shale,  in  which  the  carbon  sometimes  forms  as  much  as 
40  per  cent,  of  the  whole.  If  this  carbon  were  concentrated  in  a 
bed  in  the  form  of  anthracite,  free  from  earthy  material,  it  would 
form  a  deposit  rivaling,  if  it  did  not  surpass,  the  greatest  coal  seams 
of  the  continent.  Unfortunately,  however,  it  is  disseminated 
through  a  great  thickness  of  earthy  sediment  and  is  in  a  semi- 
graphitic  condition,  vitiating  its  combustibility.  These  carbonaceous 
deposits  undoubtedly  arose  from  vegetation  buried  with  the  accu- 
mulating sediments,  but  whether  it  was  marine  or  terrestrial,  present 
evidence  does  not  decide. 

Limestone,  As  regards  the  calcareous  and  magnesian  elements^ 
not  only  is  the  limestone  formation  massive  and  important,  but  cal- 
careous and  magnesian  material  enters  somewhat  largely  into  the 
schistose  rocks  of  the  series. 

Diorite,  This  region  is  also  characterized  by  extensive  develop- 
ments of  diorite  (plagi-hom)  whose  origin  is  yet  in  doubt,*  and  of 
diabases  (plagi-a/ug)  and  gabbros  (plagirdial)  and  allied  rocks  which 
are  doubtless  eruptive. 

Deposits  on  the  South  Side  of  the  Laurentian  Island,  The  south 
side  of  the  Laurentian  island,  exposed  to  the  open  ocean,  suffered 
its  full  violence.  The  forcible  sweep  of  the  waves  sifted  out  the 
fine  material  from  the  detritus  brought  down  from  the  land,  and 
that  eroded  from  the  shores,  and  carried  it  far  back  into  the  depths 
of  the  ocean,  leaving  along  the  shore  and  on  the  bottom  of  the 
adjacent  shallow  sea,  only  the  coarser  material, —  the  sand  and 
pebbles.  If  we  consider  the  origin  of  this  material,  it  will  be  clear 
how  it  arose.  The  rock  of  the  neighboring  land  was  composed 
mainly  of  crystals  of  quartz,  feldspar,  mica  and  hornblende.  The 
last  three  are  prone  to  decompose  under  the  action  of  atmospheric 
agencies,  resulting  in  clay-like  substances,  while  the  quartz  remains 
essentially  unaffected.  The  streams,  therefore,  carried  down  clayey 
material  and  angular  pieces  of  quartz.  On  reaching  the  sea,  the 
former  was  borne  away  by  the  waves,  while  the  latter  was  rolled 

iFrom  the  fact  that  sheets  of  diorite  occur  frequently  interstratified  with 
slates  (whose  lamination,  however,  is  due  to  bedding  and  not  to  pressure),  and 
schists  which  are  only  moderately  metamorphosed,  it  seems  most  probable  that 
these  diorites  are  eruptive,  being  perhaps  overflows  analogous  to  those  so  prev- 
alent in  the  succeeding  Keweenawan  period;  otherwise  it  is  not  clear  how  the 
diorites  could  have  undergone  such  complete  crystallization  and  consolidation, 
without  involving  similar  changes  in  the  adjoining  rock. 
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oontinuoosly  to  and  fro  along  the  shore  and  on  the  shallow  sea- 
bottom,  and  rounded  into  sand  and  quartz  pebbles. 

Baraboo  Quaai&itea.  The  accumulations  of  this  material  were 
simply  enormous,  and  were  probably  never  surpassed  in  geological 
history.  A  portion  of  these  are  now  displayed,  in  their  metamor- 
phosed form,  in  the  Baraboo  quartzite  ranges. 

Quartz^PoTphyriea,  Overlying  these  quartzites,  in  Central  Wis- 
consin, there  is  a  massive  series  of  quartz-porphyries,  the  origin  of 
which  is  yet  in  doubt.  If  they  are  metamorphosed  sediments,  they 
must  have  been  deposited  upon  the  immense  sand-bed  above  described, 
as  a  great  thickness  of  silicious  sediment,  probably  in  the  condition 
of  a  fine  silt,  carrying  some  alumina  and  potash.  They  may,  how- 
ever, be  of  eruptive  origin,  in  which  case  they  must  have  constituted 
immense  overflows  of  molten  rock,  closely  allied  to  rhyolite  in 
chemical  composition. 

Deposits  on  the  West  Side  of  the  LoAirenticm  Island.  Pipestone. 
On  the  western  side  of  the  Laurentian  island  a  like  immense  accu- 
mulation of  sand  took  place,  with,  so  far  as  known,  only  a  very 
slight  admixture  of  foreign  material,  except  that,  at  one  or  more 
horizons  within  it,  there  gathered  a  deposit  of  very  fine,  aluminous 
clay,  impregnated  with  sufficient  iron  to  give  it  a  rich  red  color. 
This  was  subsequently  transformed  into  "  pipestone."  The  Catlinite 
of  Barron  county  is  the  best  known  Wisconsin  example.  The  pipe- 
stones  of  Minnesota  are  believed  to  belong  to  thei  same  horizon.^ 

IranrBewring  Series  of  Black  Bi/ver  Falls.  In  the  vicinity  of 
Black  Kiver  Falls  there  is  an  iron-bearing  series,  embracing  magne- 
sian,  hematitic,  and  quartz  schists,  closely  resembling  the  iron-bear- 
ing series  of  the  more  northern  region,  and  probably  belonging  to 
the  same  horizon.  These  may  have  been  gathered  in  the  lee  of  a 
Laurentian  island  lying  south  of  them,  for  the  deep  wells  in  that 
direction  penetrate  granite,  which  most  probably  represents  a  Lau- 
rentian area  lying  in  that  direction.* 

General  Considerations.  Bringing  together  into  a  summary  re- 
view the  Huronian  deposits  that  gathered  about  the  Laurentian  Isle 
Wisconsin,  the  salient  features  of  the  principles  of  sedimentation  are 
beautifully  illustrated.  On  the  sides  exposed  to  the  grand  sweep  of 
the  ocean,  great  accumulations  occurred,  but  only  of  the  coarser  and 
more  resistant  materiaL  In  the  more  protected  Superior  sea,  large 
accumulations  of  finer  sediments,  with  relatively  less  of  the  coarser, 
were  laid  down,  with  frequent  alternations,  and  much  admixture  of 

1  For  details  see  VoL  IV,  pp.  578,  580. 
'For  details  see  Vol  II,  pp.  493,  601. 
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coarser  and  finer  material.  In  addition  to  the  ordinary  sediments 
derived  from  rock-disintegration,  there  were  the  special  accumula- 
tions of  limestone,  carbonaceous  material,  and  the  iron  ores  that  have 
rendered  the  region  famous, —  all  probably  directly  or  indirectly  the 
contribution  of  organic  life. 

Acidic  Character.  It  is  worthy  of  remark  that  the  acidic  ele- 
ment predominates  in  the  sedimentary  portion  of  the  series,  and 
apparently  sustains  a  larger  ratio  to  the  whole  than  in  the  Lauren- 
tian.  We  have  already  assigned  causes  which  operated  to  render 
the  Laurentian  sediments  more  silicious  than  their  parent  rock.  The 
same  agencies  operating  lipon  the  Laurentian  series  produced  a  still 
higher  degree  of  acidity  in  the  Huronian  deposits  derived  from 
them. 

Check  on  Acidic  Tendencies.  We  observe,  however,  in  the  Huro- 
nian series,  the  introduction  of  agencies  tending  to  antagonize  this 
extraction  of  the  basic  element  and  consequent  concentration  of  the 
acidic.  The  limestones  constitute  a  deposit  almost  purely  basic  in 
character,  leaving  out  of  consideration  the  carbonic  acid,  which  is 
derived  from  the  atmosphere.  The  great  iron  deposits  are  a  like 
example.  Probably  also  some  of  the  magnesian  and  calcareous 
schists  owe  a  part  of  their  constituents  to  the  new  agencies,  tend- 
ing to  produce  basic  depositions.  These  new  counteracting  agencies 
we  believe  to  have  been  incidental  to  the  introduction  of  life,  and 
from  this  time  forward,  throughout  geological  history,  they  assume 
increased  importance,  and  become,  in  a  sense,  coequal  with  the  inor- 
ganic agencies,  so  that  the  tendency  of  the  latter  to  extract  the 
basic  elements  (lime,  magnesia,  iron,  etc.)  —  thereby  leaving  an  acid 
(silicious)  residue  —  is  counteracted  by 'the  former,  which  re-extract 
from  the  waters  the  bases  and  restore  them  to  the  soUd  condition. 

Alumina  and  Soda.  Two  prominent  ingredients,  however,  fail 
for  the  most  part  to  enter  into  the  reaction.  Alumina  is  little 
afifected  by  the  inorganic  agencies  of  solution,  and  remains  with  the 
silica  among  the  undissolved  sediments,  thus  acting  with  the  silicious 
portion.  On  the  other  hand,  soda  is  readily  dissolved  with  the  other 
basic  ingredients,  but  for  the  most  part  escapes  reprecipitation,  and 
remains  as  the  leading  saline  ingredient  of  the  ocean. 

Agency  of  Atmospheric  Cofistiticents.  It  is  interesting  to  observe, 
further,  that  the  whole  rotating  process  is  dependent  upon  the  action 
of  the  atmospheric  ingredients,  carbonic  acid  and  oxygen,  which 
play  a  double  part,  (1)  by  their  direct  action  upon  the  rock,  produc- 
mg  disintegration,  and  (2)  by  their  support  of  the  reactive  agencies 
of  life,  leading  to  redeposition. 
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Maximum  Acidity  in  the  JBuronian,  We  may,  perhaps,  be  justified 
in  suggesting  the  broad  generalization  that  the  sediments  increased 
in  silicious  character  until  the  Huronian  era,  when  they  reached  their 
maximum,  beyond  which  they  remained  in  equiUbrium  or  declined. 

Canadian  Formations,  In  Canada  and  adjacent  regions  of  the 
east,  there  exist  extensive  deposits  of  limestone,  iron  ores,  and  car- 
bonaceous shales,  which  were  formerly  classed  with  the  Laurentian, 
but  which  Dr.  Selwyn,  the  present  director  of  the  Canadian  survey, 
identifies  with  the  Huronian.  He  refers  to  the  Laurentian  only 
the  great  series  of  gneisses  and  allied  highly  crystalline  rocks.  It 
will  be  observed  that  this  view  brings  into  striking  harmony  the 
Canadian  and  Wisconsin  series,  and  this  concordance  lends  support 
to  Mr.  Selwyn's  views.  For  while  mechanical  sediments  might 
vary  materially  within  the  space  of  a  few  hundred  miles,  it  is  far 
less  likely  that  a  profound  change  should  be  suffered  by  an  immense 
system  of  rocks,  involving  (besides  a  great  variety  of  mechanical 
sediments)  limestones,  carbonaceous  deposits,  and  iron  ores.  We, 
therefore,  adopt  with  much  confidence  this  classification. 

Life  of  the  Era.  No  identifiable  fossils  have  yet  been  found  in 
the  Huronian  series  of  Wisconsin.  Some  obscure  organic  remains 
are  thought  to  have  been  found  in  the  adjacent  region  of  Michigan,* 
and  in  the  supposed  equivalent  in  Canada,  as  before  mentioned,  the 
Eozoon  Canadenae  has  been  found.  Some  additional  supposed  organic 
remains  are  reported  from  the  same  series.*  But  none  of  these  seem 
in  themselves  to  be  absolutely  indisputable.  Notwithstanding  this 
iiieagerness  of  direct  evidence,  the  existence  of  great  deposits  of 
limestone,  carbonaceous  material  and  iron  ore,  leaves  little  room  for 
rational  doubt  of  the  existence  of  life.  Probably  the  limestones  of 
the  age  were  derived,  like  those  of  subsequent  times,  from  the  cal- 
careous remains  of  marine  animals.  The  carbonaceous  deposits 
probably  arose  from  plant  accumulations.  It  seems  most  probable 
also,  as  already  indicated,  that  the  iron  ores  were,  in  the  main,  con- 
centrated through  the  agency  of  organic  matter.  Taken  together 
these  present  a  strong  case  of  "  circumstantial  evidence." 

Period  of  Huronian  UpheaA)al. 

Succeeding  the  period  of  Huronian  sedimentation,  whether  im- 
mediately or  somewhat  delayed,  there  was  an  era  of  upheaval  and 
metamorphism,  analogous  to  that  which  occurred  at  the  close  of  the 
Laurentian  era.    It  produced  analogous,  but  less  extreme  effects. 

iGeol.  Surv.  Mich.,  Vol.  II,  p.  5. 
«GeoL  Surv.  Wis.,  VoL  m,  p.  661 
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MetamorphUm.  None  of  the  original  deposits  now  remain  pre- 
cisely in  their  primitive  condition,  though  only  a  portion  of  them 
have  been  so  transformed  that  the  original  state  is  not  clearly  dis- 
cernible. The  limestone  was  somewhat  compacted  and  rendered 
more  crystalline,  and  scattered  crystals  of  tremolite  were  formed  b}*" 
the  union  of  lime  and  magnesia  with  silica,  —  in  other  words,  were 
generated  from  a  somewhat  silicioos  portion  of  the  limestone.  The 
great  sand  deposits  were  transformed  into  qoartzite,  but,  for  the  most 
part,  the  original  grains  and  pebbles  still  remain  unobliterated,  while 
in  some  instances  fine  laminations,  and  beautiful  ripple  and  rill 
marks  are  excellently  preserved,  bearing  the  most  unequivocal  testi- 
mony to  their  aqueous  origin.  The  iron  ores  associated  with  the 
quartzites  and  silicious  schists  are  now  found  largely  in  the  form  of 
magnetite  or  derivations  from  it.  If  they  did  not  originally  exist  in 
that  state  (and  they  probably  did  not),  they  were  doubtless  trans- 
formed into  it  at  this  time  of  general  metamorphism.  Probably 
some  of  the  more  massive  iron  deposits  in  association  with  clay  and 
carbonaceous  schists,  as  those  of  the  Commonwealth  and  Florence 
mines,  were  only  compacted  and  dehydrated.  Certain  substances 
that  accumulated  incidentally  wit*h  the  sand  of  the  series  now  con- 
stitute accessory  minerals  scattered  through  the  quartzite,  as  pyro- 
lusite,  novaculite,  mica  and  others.  The  various  finer  silts,  clays  and 
mixed  sediments,  were  changed  to  slates  and  schists.  In  short,  the 
whole  series  was  hardened,  compacted,  and  in  some  measure  chemi- 
cally transformed  and  crystallized.  The  changes  in  these  respects, 
however,  were  rarely  equal  to  those  of  the  preceding  Laurentian 
revolution. 

Disturhcmce  of  Beds.  In  respect  to  attitude,  great  changes  took 
place.  Beds  which  lamination,  ripple  marks,  and  other  character- 
istics show  to  have  been  essentially  horizontal  when  formed,  are  now 
found  arched  and  tilted  at  high  angles.  In  the  Penokee  region,  the 
strata  stand  at  angles  varying  from  20°  to  upwards  of  80^  In  the 
Menominee  region  they  were  warped  and  folded  in  a  still  more  strik- 
ing manner,  and  stand  at  various  angles,  according  to  situation.  In 
Central  Wisconsin,  instead  of  close  folds,  immense  arches  were  formed. 
The  Baraboo  quartzite  ranges  are  but  the  insignificant  remnant  of 
the  north  side  of  an  arch  of  gigantic  dimensions,  which  swept  up- 
ward to  an  altitude  approaching,  if  not  surpassing,  the  highest  exist- 
ing elevations.^  Similar  broad  arches  were  formed  on  the  western 
side  of  the  Laurentian  island. 


1  For  fig.,  see  VoL  n,  p.  506. 
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Direction  of  Axes  of  the  Folds.  The  axes  of  the  folds  of  these 
several  regions  vary  somewhat  in  direction,  but  usually  trend  in 
general  accordance  with  the  folds  produced  by  the  earlier  Lauren- 
tian  revolution.  In  the  Penokee  region,  the  strike  is  north  of  east 
and  south  of  west,  parallel  to  the  adjacent  Laurentian  border.  In 
the  Menominee  region,  the  trend  is  north  of  west  and  south  of  east, 
likewise  parallel  to  the  adjacent  earlier  formation.  In  central  Wis- 
consin, the  trend  is  generally  parallel  to  that  of  the  Penokee  region, 
viz. :  north  of  east  and  south  of  west.  The  same  is  true  of  the  west- 
em  region,  where  it  is  to  be  noted  that  the  position  of  the  fold-axes 
conforms  to  the  general  system,  and  not  to  the  adjacent  Laurentian 
border.  The  long  Huronian  tongue  of  north-central  Wisconsin 
thrust  in  from  the  northeast  has  a  like  bearing. 

Gathering  these  observations  together,  it  appears  that  the  axes  of 
the  folds  have  a  general  trend  from  north  of  east  to  south  of  west, 
and  with  this,  the  strikes  of  the  series  in  the  adjacent  regions  of 
Michigan,  Canada  and  Minnesota  generally  agree. 

Direction  of  Distwrhi/ng  Force.  According  to  the  law  of  folding  and 
upheaval  already  indicated,  the  disturbing  force  Is  to  be  sought  along 
lines  at  right  angles  to  these  axes,  either  to  the  east  of  s6uth  or  to  the 
west  of  north.  In  the  latter  direction,  however,  we  encounter  the  great 
Laurentian  belt  that  stretches  northwestward  to  the  Arctic  sea,  from 
which  an  active  force  could  hardly  be  expected,  because  of  its  pre- 
vious solidification,  and  the  fact  that  it  was  undergoing  denudation. 
In  the  opposite  direction  was  an  extensive  sea,  whose  bottom  consti- 
tuted a  broad  flat  arch.  On  this,  near  the  land,  there  had  accumu- 
lated heavy  sediments,  causing  it  to  sag,  and  hence  to  assume  an 
attitude  unfavorable  for  resistance,  notwithstanding  the  thickness  of 
the  accumulations  whose  uncompacted  condition  would  give  them 
Uttle  resistant  power.  The  settling  of  the  arch,  to  accommodate 
itself  to  the  shrinking  earth,  presumably  caused  it  to  exert  a  power- 
ful lateral  pressure,  and  the  sagged  portion  yielded  and  was  com- 
pressed and  crumpled.  Such  at  least  is  our  theoretical  conception 
of  the  cause  and  method  of  upheaval.  It  is  certain  that  the  condi- 
tion named  —  deep  sedimentation  on  the  border  of  a  wide  ocean  — 
is  the  common  condition  of  orographical  disturbances.  It  is  also  a 
well  ascertained  law  that  the  active  force  comes  from  the  adjacent 
ocean. 

In  support  of  these  theoretical  conclusions,  there  is  direct  evidence 
that  the  strata  were  bent  by  being  pushed  from  a  southeasterly  di- 
rection. Interstratified  with  the  quartzite  of  the  Baraboo  region, 
are  schistose  layers,  which,  under  the  action  of  the  disturbing  force. 
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assumed  a  foliated  structure  analogous  to  slaty  cleavage.  The  direc- 
tion of  this  cleavage  indicates  a  movement  from  the  south  south- 
eastward.* 

If  such  a  force  be  conceived  as  pushing  the  strata  edgewise  against 
the  Laurentian  land  already  formed,  and  thereby  folding  and  crum- 
pling them  and  compacting  their  material,  and  at  the  same  time 
causing  the  crystallization  of  their  substance  by  the  aid  of  the  heat 
generated  by  the  pressure,  and  the  moisture  that  permeated  them, 
the  accepted  view  of  the  metamorphism  of  the  strata  will  be  gained. 

Slowness  of  the  Action,  The  time  occupied  in  these  great  changes 
must  have  been  long.  A  force  great  enough  to  disturb  the  strata,  if 
it  acted  rapidly,  would  have  crushed  and  broken  them,  rather  than 
have  bent  them  into  such  grand  and  beautiful  arches  as  they  assumed. 
Only  an  inconceivably  great  force  acting  with  extreme  slowness 
seems  competent  to  have  produced  the  known  results.  If  the  force 
owed  its  origin,  as  we  suppose,  to  the  setthng  of  the  adjacent  ocean 
bed,  under  the  combined  influence  of  its  slowly  accumulating  load 
of  sediment  and  the  contraction  of  the  crust,  due  to  the  extremely 
slow  loss  of  heat  from  the  earth,  the  result  would  be  just  such  an 
exceedingly  slow,  and,  at  the  same  time,  inconceivably  powerful 
force. 

Upheaval  Not  AU  Accomplished  in  the  Interval  Between  Huronian 
a/nd  Keweenawan  Periods  of  Sedimentation,  We  have,  for  conven- 
ience, spoken  of  the  disturbance  of  the  Huronian  strata  as  though 
it  all  occurred  in  this  period.  But  speaking  more  strictly,  a  portion 
of  the  results  was  probably  accomplished  during  and  at  the  close  of 
the  next,  the  Kewcenawan  period,  or,  in  other  words,  the  period  of 
Huronian  upheaval  embraced  that  of  Keweenawan  eruption  and 
sedimentation.  It  is  furthermore  to  be  observed  that  the  great 
forces  of  this  period  also  affected  the  Laurentian  rocks,  adding  to 
the  contortions  they  had  suffered  in  the  previous  era  of  stratigrdph- 
ical  revolution.  Whether  or  not  this  induced  further  chemical 
transformation  and  crystallization  in  the  Laurentian  rocks  is  not 
determined, —  perhaps  is  not  determinable,  though  attention  may 
well  be  directed  to  it. 

Geographical  Changes,  The  Huronian  upheaval  thrust  up  sedi- 
mentary formations  around  the  borders  of  pre-existing  land-areas, 
and  very  notably  increased  their  extent.  The  Wisconsin  and 
Michigan  islands  appear  to  have  been  again  joined  to  the  mainland. 

Igneous  Action  During  the  Huronian  Era.   Among  the  Huronian 

-  -  Bill  MM      I  1,1  I       .  I  I  ■!  I        I        I  _  ■  _ -^^— ^— ^_^_^^— ^^,^^^— 

I  For  details  see  paper  by  the  writer  on  **  Some  Evidences  of  the  Method  of 
Upheaval  of  the  Baraboo  Quartzites."    Trans.  Wis.  Acad.  ScL,  VoL  U. 
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strata  we  find  gabbros,  diabases  and  diorites,  the  igneous  origin  of 
some  of  which  seems  scarcely  open  to  question,  while  the  origin  of 
others  is  still  a  subject  of  debate,  with  the  probabilities  in  favor 
of  their  ultimate  determination  as  igneous  rocks.  It  has  not  yet 
been  proven  whether  those  maintained  to  be  igneous  sheets  were 
forced  in  between  the  inclosing  beds  after  they  were  formed,  or 
whether  they  were  out-poured  upon  their  surface  while  they  were 
accumulating,  i.  e.,  whether  they  were  Huronian  in  age,  as  in  the  lat- 
ter case,  or  whether  they  were  subsequent,  as  in  the  former,  or 
whether  they  were  partly  of  one  age  and  partly  of  another.  In  addi- 
tion to  these  interstratified  beds,  there  occur  dikes  which  cut  across 
the  strata,  and  which  were  therefore  obviously  of  later  origin  than 
the  strata  they  traverse,  but  not  necessarily  later  than  the  whole 
series.  In  the  case  of  contemporaneous  outflows,  of  course  the  beds 
below  must  be  cut  across  by  the  erupted  material.  Where  dikes  cut 
straight  across  contorted  beds,  it  is  safe  to  assume  that  they  were 
later  than  the  era  of  flexure,  otherwise  they  would  have  suffered 
contortion  in  common  with  the  strata. 

Wisconsin  is  barren  of  decisive  evidence  bearing  upon  the  ques- 
tion, but  in  the  adjacent  states  of  Michigan  and  Minnesota,  numer- 
ous dikes  cut  the  Huronian  strata  in  various  attitudes  toward  the 
bedding,  and  in  seeming  disregard  of  the  folds  and  flexures  of  the 
strata.  Some  of  these  are  demonstrably  later  than  the  Huronian 
period,  for  they  traverse  the  later  Keweenawan  beds.  These  are  of 
the  diabase  and  gabbro  class.  Dr.  Rominger  is  authority  for  the 
statement  that  this  class  cut  diorite  dikes,  which  are  thus  proven  to  be 
older.  He  further  remarks  that  "  the  dioritic  dikes  seem  to  be  re- 
stricted to  the  lower  horizons  of  the  Huronian  group,  if  we  are  not 
inclined  to  consider  the  large  belts  of  diorite  which  protrude  in  the 
central  part  of  the  synclinal  rock-basin  from  the  midst  of  the  upper 
Huronian  strata,  as  analogous  eruptive  masses  coeval  with  the 
smaller  transverse  belts."  ^  Major  Brooks,  in  speaking  of  the  dike- 
like sheet  of  diorite  near  Taylor  mine,  in  the  Marquette  district,  re- 
marks as  follows:  "Whether  it  actually  cuts  the  series  of  clay  and 
ferruginous  slates  and  schists  at  an  acute  angle,  was  not  determined, 
but  in  places  it  certainly  has  that  appearance.  If  it  does  so,  it  is 
the  only  case  that  has  come  under  my  observation,  in  which  the 
Huronian  diorites  (often  termed  greenstones  and  traps)  do  not  con- 
form with  the  schistose  and  slaty  strata  with  which  they  are 
associated."  * 

iGeoL  of  Mich.,  Vol.  IV,  p.  145. 
'Geol.  of  Mich.,  Vol  I,  Part  I,  p.  156. 
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The  most  probable  view  seems  to  be  that  successive  dioritic  emp- 
tions  occnned  daring  the  sedimentation  of  the  Horonian  period, 
traversing  the  beds  below,  and  spreading  oat  in  sheets  on  the  sar- 
face,  conformably  to  the  sediments,  and  so  appearing  as  members  of 
the  stratigraphical  series,  like  the  later  Keweenawan  overflows. 
The  fragmental  material  derived  from  these,  as  an  incident  of  their 
eraption  and  exposare  to  wave  action,  would  famish  the  material  for 
the  di(Hitic  schists,  and  those  other  gradational  rocks  that  render  so 
difficult  a  satisfactory  discrimination  between  igneous  and  allied 
metamorphic  beds,  after  all  have  been  subjected  to  metamorphic  in- 
fluence. It  seems  quite  incredible  that  intruded  diorites  should  con- 
form to  contorted  strata  in  the  striking  manner  shown  by  Major 
Brooks'  maps  and  sections;^  and,  on  the  other  hand,  as  previously 
remarked,  it  is  difficult  to  imagine  circumstances  which  shoold  have 
produced  such  close,  uniform,  and  nonfoliated  texture  and  crystalli- 
zation as  the  diorites  present,  while  adjacent  beds  of  not  very  unlike 
composition  are  but  moderately  metamorphosed.  There  seems, 
therefore,  to  be  reasonable  ground  for  entertaining  the  opinion  that 
at  intervals,  during  the  progress  of  Huronian  sedimentation,  over- 
flows of  lava  took  place,  and  became  incorporated  in  the  series,  and 
that,  subsequent  to  the  completion  and  distortion  of  the  series,  dia- 
base lavas  traversed  the  whole. 

In  the  Penokee  region,  according  to  Prof.  Irving,  and  in  the 
Menominee,  according  to  Major  Brooks,  there  are  intrusive  granites 
cutting  the  upper  Huronian  strata,  and  constituting  masses  and 
veins  occupying  a  higher  horizon.'  In  addition  to  these  clearer  cases 
of  igneous  action,  there  exists,  in  Central  Wisconsin,  a  great  series 
of  quartz-prophyries,  whose  origin  is  not  yet  satisfactorily  deter- 
mined. These  were  folded  in  common  with  the  Huronian  series, 
and  if  they  were  of  eruptive  origin,  which  is  not  asserted,  they 
must  have  constituted  great  silicious  lava-flows. 

Interval   Between   Huronian   Sedimentation  and  E^eweenawan 

Eruption. 

Between  the  Huronian  and  Keweenawan  periods  an  interval  of 
moderate  extent  appears  to  be  indicated  by  the  fact  that  the  beds  of 


1  Atlas  aocompanying  VoL  I,  GeoL  of  Mich. 

*The  area  south  of  the  Pine  river,  mapped  by  Messrs.  Brooks  and  Wright,  as 
Huronian  granite,  wiU  be  found  on  the  general  geological  map  colored  as  Lau- 
rentian,  and  so  sketched  in  this  report.  The  opinion  of  Messrs.  Brooks  and 
Wright,  who  have  carefuUy  studied  the  formation,  and  have  had  large  experi- 
ence in  the  investigation  of  the  equivalent  series  elsewhere,  is  entitled  to  much 
weight,  but  the  writer  feels  under  obligation  to  express  his  doubt  as  to  the  Hu- 
ronian age  of  the  rocks  in  question,  and  is  inclined  to  regard  them  as  lAurentian. 
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the  latter  repose  unconformably  upon  those  of  the  former.  The 
amoant  of  this  unconformity  is,  in  Wisconsin,  but  slight,  though  it 
appears  to  be  more  considerable  elsewhere.^  This  interval  was 
probably  entirely  occupied  by  the  disturbance  aud  metamorphism  of 
the  Huronian  strata  above  described.  Indeed  there  is  reason  to 
think  that  this  was  only  partially  accomplished  when  the  Kewee- 
nawan  eruptions  began.  Sedimentary  deposits  must,  however,  have 
been  in  progress  while  the  slow  upheaval  was  taking  place.  If  we 
could  reach  these  deposits,  we  should  doubtless  find  them  in  no  very 
essential  respect  different  from  those  which  preceded  and  followed. 
Prof.  Selwyn,  director  of  the  Canadian  Geological  Survey,  as  there- 
suit  of  his  studies  upon  the  equivalent  formation  at  the  east,  does  not 
recognize  any  interval  between  the  two  series,  and  it  may  be  that 
what  is  but  a  moderate  break  in  Wisconsin,  is  bridged  by  what 
seems  to  be  an  essentially  continuous  series  in  the  eastern  region. 

Distribution.  This  formation  has  not  been  sufficiently  distin- 
guished from  the  Laurentian  to  admit  of  a  statement  of  its  separate 
distribution  either  in  America  or  Europe. 

1  FoUer  data  than  ia  given  in  the  Wisconsin  reports,  relating  to  the  unconform- 
ity of  the  Huronian  and  Keweenawan  series,  may  be  found  in  the  forthcoming 
monograph  of  Prof.  Irving,  on  the  Keweenawan  or  Copper-bearing  series,  issued 
under  the  auspices  of  the  U.  S.  survey.  See  also  the  earlier  paper  of  Major 
Brooks;  Am.  Jour.  Sci.,  Vol.  XI,  1876. 
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Synopiiitnl  Xoth  on  the  Kateenawan  Formation^  Xazne  derived  from  Kewee- 
naw Point.  Formatioa  also  called  Copper^bearing.  or  Caprif erous  series.  Bocks 
consist  of  interatracified  igneoaa  and  sednnentarr  beds*  the  former  mainlj  dia- 
bases, with  some  gabbros,  melaphjTs  and  porphjriesy  the  latter  of  conglomer- 
ates, sandstones  and  shales,  derired  mainlj  from  the  igneous  rocks.  Beds  tilted, 
bat  not  contorted  or  metamorphosed.  Marimnm  thickness  aboot  45.000  feet,  of 
which  aboot  lo.OOO  feet  is  sediitientarT.  Period  characterized  bj  a  long  soc- 
cesBion  of  laTa-flows,  with  interrals  of  repose  and  sedimentation,  followed  by 
a  long  period  of  sedimentation.    Exutence  c^life  probable. 

For  details,  see  VoL  m,  ppu  7-15  (Irving),  aM»  (PompellyX  167-205  (Irving), 
216-223  (Whittlesev;,  23^238  (Jniien;,  296-301  (Wright),  336-^  (Sweety  391-395 
(Chamberlin;,  33tM2S  (Strong). 

Th^  Great  Epoch  of  Eruption.  We  no\r  reach  a  period  in  which 
ejections  of  molten  rock  occorred  on  a  scale  of  great  magnitade. 
In  the  Lake  Saperior  region,  the  strata  were  broken,  and  there 
welled  forth  from  the  interior  great  flows  of  lava,  which  spread  ont 
in  successive  horizontal  sheets,  covering  an  area  scarcely  less  than 
300  miles  in  length  and  100  miles  in  width.  These  flows  of  fiery- 
rock  follo^ved  each  other  at  first  in  relatively  quick  succession,  and 
afterward  at  longer  intervals,  heaping  up  layer  upon  layer  until  the 
whole  attained  an  enormous  thickness. 

Sedimentation,  In  the  longer  intervals  of  repose  between  suc- 
cessive flows,  seams  and  bet.ls,  and  even  considerable  depths  of 
sandstones,  conglomerate  and  shale  were  accumulated  on  the  sur- 
face of  the  igneous  sheets,  showing  that  water  covered  them,  erod- 
ing their  surfaces,  and  depositing  over  them  silt,  sand  and  pebbles, 
derived  from  them,  as  well  as  from  the  adjacent  land. 

Subsidence.  The  fact  that  these  detrital  beds  occur  again  and 
again  in  the  accumulating  series,  separated  from  each  other  by 
thousands  of  feet,  clearly  indicates  a  third  action  in  progress,  viz. : 
the  gradual  subsidence  of  the  region,  for  such  conglomerates  and 
sandstones  could  only  be  formed  in  shallow  water,  within  the  reach 
of  the  forcible  action  of  the  waves.  Each  bed  of  conglomerate  and 
coarse  sandstone,  therefore,  marks  approximately  the  surface  of  the 
sea,  at  the  time  of  its  accumulation.  It  is  manifest,  therefore,  that 
the  bottom  of  the  Lake  Superior  basin  was  gradually  subsiding  at  a 
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rate  almost  exactly  equal  to  that  of  the  accumulation  of  the  beds 
above.  It  was  as  though  the  crost  settled  down  to  take  the  place 
of  the  material  ejected  from  below. 

Thicknesg,  The  maximum  thickness  of  the  combined  acoumula- 
tion  seems  to  have  been  not  less  than  40,000  feet  or  45,000  feet.  Of 
this  probably  three-fourths  is  igneous  materiaL 

Succession  and  Distinction  of  Flows.  In  the  earlier  portion  of 
the  period,  the  molten  ontwellings  generally  followed  each  other  in 
relatively  rapid  succession,  for  sheet  lies  upon  sheet  without  any  in- 
tervening sediment,  such  as  would  have  occurred  had  the  beds  been 
long  submerged  between  successive  flows,  and,  on  the  other  hand, 
without  notable  surface  erosion,  such  as  would  have  taken  place  if 
the  beds  had  been  long  exposed  to  atmospheric  agencies. 

Each  individual  flow  betrays  its  limits  by  the  pecuharities  of  its 
npper  and  under  portions.  The  base  is  marked  by  a  thin  layer  of 
fine-textured,  amygdaloidal  rock,  which  means  that  vapor  veseicles 
confined  within  the  molten  mass  were  included  in  an  undercrust 
quickly  formed  by  rapid  cooling.  The  upper  surface  is  marked  by 
a  deeper  layer  of  more  highly  amygdaloidal  rock,  the  result  of 
Fia.  6.  the  more  abundant  inclusion  of 

veseicles  in  the  superficial  por- 
tion, where  the  slight  pressure 
favored  their  formation.  The 
interior  of  the  flow,  cooling 
more  slowly,  because  kept  warm 
by  the  non-conducting  upper 
and  under  crusts,  crystallized 
8«cno:.oFK.w«n.iir*i.io«o<»BiD.,mu«rat-  more  Completely,  and  formed 
tag  Ute  niBtiooB  of  the  Kipertciai  amrfpiaiohiai  a  more  compoct  and  solid  rock, 
poTlloiu  lo  the  TDore  solid,  uid  sometlmea  colum-       i  '   >     ■  i  - 1^     . 

Mr<«.imiportio.u.Theba«ii«i,rgdaioid«iiver  ^^^ich  frequently  manifests  a 
\i  (twwn  reiauveir  loo  ihiok.  tendency  to  columnar  structure. 

Kinds  of  Hocks.  The  successive  flows  now  appear  as  great  sheets 
of  diabase,  gabbro,  melapiiyr,  quartz-porphyry,  and  felsite.  The 
first  three  of  these,  which  vastly  (jredorainate,  are  of  the  basic  type 
(sihca  45  to  52  per  cent.),  while  the  last  two  represent  the  less 
abundant  development  of  the  acidic  class  (silica,  60  to  78  per 
cent.).'  Prof.  Irving  has  recently  recognized  an  intermediate  class  of 
some  importance  (silica,  52  to  60  per  cent,).' 

I  IntniBiTe  granites  occur  in  the  series  in  Ashland  county,  but  it  is  not  certain 
that  thej  belong  to  the  Keweenawan  epoch  of  eruption. 

>  VoL  V,  Monographic  Series  of  Publications  of  the  United  States  Geological 
Survey,  1882,  by  R.  D.  Irving. 
Vol.  1-7 
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Tho  (Jlastic  Beds.  The  sedimentary  rocks  of  the  period  consist 
of  sandstones,  conglomerates  and  shales.  Unlike  the  great  Huro- 
nian  sandstone,  and  conglomerate  deposits,  which  were  almost  purely 
qaartzose,  those  of  this  period  were  largely  composed  of  granular 
particles  derived  from  the  disintegration  of  the  igneous  rocks  of 
the  series  itself.  This,  independently  of  the  evidence  above  given, 
indicates  that  the  surface  of  the  formation  oscillated  near  the  water 
level,  suffering  disintegration  from  exposure  at  some  points,  while  at 
others  it  was  being  buried  beneath  shallow  water  deposits.  The 
conglomerates  are  sometimes  exceedingly  coarse,  containing  pebbles, 
if  they  may  be  called  such,  reaching  one  to  two  feet  in  diameter. 
These  are  more  frequently  composed  of  felsitic  and  quartz-porphyry 
than  of  any  other  rock,  but  the  diabases  of  the  series  are  also  repre- 
sented, and,  in  some  localities,  quartzite.  A  single  stratum  of 
coarse  conglomerate  on  the  Montreal  river  attains  a  thickness  of 
1,200  feet,  though  it  thins  out  rapidly  to  the  westward. 

Smirce  of  Porphyry  Pebhlea.  The  abundance  of  porphyry  peb- 
bles among  these  conglomerates,  taken  in  connection  with  the  rela- 
tive rarity  of  outcropping  porphyry,  has  been  the  source  of  some 
surprise  to  investigators.  If  the  observed  distribution  of  porphy- 
ries is  assumed  to  represent  the  full  extent  of  their  occurrence,  the 
only  tenable  view  seems  to  be,  that  the  Lake  Superior  basin  was 
gradually  sinking  in  the  center,  while  the  edges  of  the  strata  were 
being  tilted  upwards  and  were  thus  exposed  to  denudation.  In  this 
way,  pebbles  and  bowlders,  as  well  as  finer  clastic  material,  were  de- 
rived from  the  upturned  edges  of  the  strata,  and  borne  backward 
into  the  basin,  forming  the  conglomerate  beds.  The  porphyry  be- 
ing harder,  lighter,  and  less  subject  to  disintegration,  would  better 
resist  wearing  action  than  the  diabases  and  allied  rocks,  which  would, 
in  large  measure,  bo  reduced  to  sands  and  clays.  Hence,  although 
the  porphyries  form  but  a  fraction  of  the  rock,  they  might  still 
yield  a  large  proportion  of  the  conglomeratic  material.  The  exist- 
ence of  quartzite,  presumed  to  have  been  derived  from  the  adjacent 
Huronian  series,  perhaps  illustrates  the  same  selective  action.  The 
softer  constituents  of  that  series  are  scarcely,  if  at  all,  represented 
among  the  coarser  material.  This  explanation  has  the  merit  of  con- 
fining itself  to  known  facts  and  principles,  with  the  exception  that 
the  settling  of  the  center,  and  the  upturning  of  the  edges  of  the 
basin,  has  not  been  independently  demonstrated  to  be  contempora- 
neous with  the  formation  of  the  detrital  beds,  although  there  are  suf- 
ficient reasons  for  thinking  that  it  was  so.  It  is  not  improbable, 
however,  that  the  porphyries  had  a  larger  surface  distribution  than 
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is  clearly  indicated  by  the  present  outcrops.  If  the  granite  intru- 
sions of  the  Penokee  and  other  regions  rose  to  the  surface,  they 
would  then  probably  take  the  form  of  porphyries,  instead  of  granr 
ites,  according  to  the  accepted  doctrine  that  igneous  granitoid  rocks 
are  formed  under  pressure,  and  hence  usually  at  considerable  depths, 
the  same  material,  under  the  less  pressure  at  the  surface,  taking  the 
form  of  rhyolite,  porphyry,  trachyte,  and  similar  imperfectly  crys- 
talline forms.  Porphyries,  so  formed,  might,  by  their  complete 
degradation,  yield  the  required  amount  of  detrital  material. 

The  Shales.  The  shales  of  the  formation  are  only  the  finer  prod- 
uct of  the  wear  of  the  beds  that  lay  around  the  margin  of  the 
basin.  The  character  of  the  shales  indicates  that,  like  the  sand- 
stones and  conglomerates,  they  were  quite  largely  derived  from  the 
igneous  rocks  of  the  series.  Certain  probable  circumstances  of 
eruption  may  have  greatly  facilitated  their  formation.  It  is  clear 
that  the  lava  sheets  were  frequently  submerged  between  periods  of 
eruption.  In  instances  in  which  they  were  thus  covered  at  the  time 
of  the  succeeding  outflow,  the  sheet  of  molten  matter  spreading  out 
beneath  the  water  would  suffer  sudden  cooling  at  the  surface  from 
contact  with  the  water,  resulting  in  the  shattering  of  the  external 
portion  into  fragments,  so  that  the  surface  would  be  covered  by  ma- 
terial favorably  disposed  for  effective  action  and  further  reduction 
by  the  waves.  The  surface  of  the  lava-flows  seems  to  indicate  that 
this  was  not  a  uniform  circumstance,  but  may  have  been  a  not 
uncommon  one. 

The  formation  of  volcanic  ash  and  scoria  in  the  vicinity  of  fissures 
of  eruption,  even  though  not  distinctly  of  the  crater  type,  may  have 
been  an  additional  source  of  ready-formed  f ragmental  material. 

Composite  Action  of  the  Period,  The  age  was,  therefore,  one  in 
which  igneous  and  aqueous  agencies  united  with  nicely  adjusted 
conditions  of  exposure,  subsidence,  and  submergence,  to  produce  a 
series  of  beds,  which,  in  massiveness  and  rapidity  of  accumulation, 
have  rarely  been  equaled  in  geological  history.  At  first  the  fiery 
element  held  sway,  and  flow  after  flow  welled  forth  and  spread  out 
over  the  great  area  of  the  basin,  while  the  never-ceasing,  but  less  ob- 
trusive, as  well  as  less  impulsive,  action  of  aqueous  agencies  cast  in 
here  and'there  its  contribution  of  detrital  material.  But,  in  time, 
the  outpourings  of  lava  slackened,  the  intervals  of  eruption  became 
more  distant,  and  their  products  less  massive,  while  erosion  and  sedi- 
mentation  relatively  increased,  and  sandstones,  shales,  and  conglom- 
erates became  more  frequent  and  thicker.  At  length,  the  eruptions 
ceased,  and  over  the  whole,  in  Wisconsin,  at  least,  and  to  some  ex- 
tent beyond,  there  was  formed  the  great  conglomerate,  after  which 
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shales  and  sandstones  were  piled  upon  the  settling  series,  until  a 
maximum  thickness  of  perhaps  16,000  feet  of  sediment  was  attaincnl. 
.  The  series  in  the  Montreal  region,  where  best  exposed,  presents  at 
the  base  thousands  of  feet  (estimated  at  36,000)  of  igneous  diabases, 
melaphyrs,  gabbros  and  porphyries,  followed  by  an  alternating 
scries  of  igneous  and  sedimentary  beds  of  about  1,200  feet  thick- 
ness,* the  whole  overlain  by  perhaps  15,000  feet  of  detrital  strata.' 
In  adjoining  regions,  the  sedimentary  beds  appear  lower  in  the 
series,  and  scatter  more  freely  through  it,  while  the  great  upper 
sandstone  accumulations  are  less  displayed,  probably  because  they 
have  been  more  deeply  eroded,  and  concealed  by  the  lake.  The 
following  section  will  show  the  relations  of  these  members  to  each 
other  in  the  tilted  attitude  in  which  they  now  stand, 

Fia.  7. 


Gensralizeo  Section  of  the  Keweenawan  Sbbiks,  from  south  shore  of  Lake  Superior.  H. 
Upper  member  of  the  Huronian  series.  D.  D.  D.  Diabase  and  allied  ig^neous  rocks  of  the 
Keweenawan  series.  S.  S.  S.  Sandstone  and  associated  detrital  beds.  C.  The  great  con^omer- 
ate.  Bk.  Sh.  Black  shale.  The  detrital  beds  in  the  lower  part  of  the  section  are  baaed  on  their 
occurrence  in  Keweenaw  Point.    None  hare  yet  been  found  so  low  down  in  Wisconsin. 

Comparative  Chemical  Character,  In  a  comprehensiye  study  of  igneous 
phenomena,  much  interest  attaches  to  chemical,  mineralogical,  and  textural  con- 
stitution. Of  these,  the  chemical  composition  is  much  the  most  fundamental 
and  important,  since  the  mineralogical  organization  and  textural  nature,  in  so  far 
as  they  are  not  dependent  on  it,  represent  little  more  than  conditions  of  solidifi- 
cation, while  the  chemical  composition  is  significant  of  the  source  of  the  ma- 
terial and  the  necessary  conditions  of  fusion  and  eruption,  however  imperfectly 
that  significance  can,  at  present,  be  determined.  Practically,  however,  when 
means  of  investigation  are  not  ample,  microscopical  inspection  of  the  constitu- 
ent mineral  is  more  available  than  chemical  analysis,  since,  besides  revealing 
whatever  crystalline  character  can  tell,  it  indicates  the  approximate  chemical 
character,  and  many  microscopical  examinations  may  be  made  in  lieu  of  each 
chemical  analysis.  Under  its  limitations,  the  dependence  of  the  survey  has  been 
mainly  upon  the  new  microscopical  methods.  The  descriptions  of  Professors 
Pumpelly,  Irving  and  Julien,  taken  in  connection  with  the  field  notes  of  Irving, 
Sweet  and  Strong,  furnish  data  for  detailed  study. 

The  most  salient  chemical  characteristic  is  that  to  which  attention  has  already 
been  called,  viz.:  that  the  eruptive  rocks  belong  to  diverse  classes,  the  great 
mass  to  the  basic  group,  others  to  the  intermediate  and  acidic.  The  two  analy- 
ses of  Mr.  Sweet  show  the  diabases  of  the  Keweenawan  series  to  be  somewhat  less 
basic  than  those  of  the  similar  outflows  of  the  Mesozoic  era,  in  the  Atlantic 
border  regions,  and  more  notably  less  than  the  basalts  proper.  These  are  too 
few  to  be  taken  as  a  fair  representation  of  the  series,  and  are  not  to  be  trusted 
as  indicating  that  the  original  fiows  were  not  of  the  extreme  basic  class,  though 
nf  ^r  that  extremity  of  the  igneous  scale.    On  the  other  hand,  some  of  the  por- 

1  This  alternating  portion  of  the  series  is  much  greater  in  other  regions* 

2  Details,  Vol.  Ill,  pp.  11-18  (Irving),  386-340  (Sweet),  40(HL28  (Strong). 


KEWEENAWAN  PERIOD. 


101 


ph3rries  lie  near  the  acidic  end  of  the  scale.  The  greater  mass  lies  near  the  '*  nor- 
mal pjrroxenic  type**  of  Bunsen,  and  the  lesser  part  near  his  "  normal  trachytic 
type."  The  intermediate  sub-basic  and  sub-acid  tyx>es,  represented  in  the  west  by 
propylites,  andesites  and  the  less  acid  trachytes,  to  which  the  Huronian  diorites 
are  perhaps  the  nearest  equivalents  found  in  the  Lake  Superior  region,  are  sub-, 
ordinate  in  the  Keweenawan  series,  though  shown  by  the  recent  investigations 
of  Prof.  Irving  to  be  less  rare  than  formerly  supposed. 

The  place  of  our  rocks  in  the  volcanic  scale  may  perhaps  be  most  conveniently 
seen  by  the  following  comparison: 


rlchthofen*s   natural 
System.^ 


Western  Tertiary 
Series.  Dutton.2 


Lake  Superior. 
Keweenawan 
Series.   Irving.* 


L  Rhyolttb. 

1.  Granitic  rhyolite.   (Nev- 

adite.) 

2.  Porphyritic  rhyolite. 

(LiiMuite.) 
8.  Hyaline  rhyolite.    (Rhy- 
olite proper.) 


Liparite. 
Rhyolite. 


Augite  granite. 
Granitic  porphyry. 
Quartz-porphyry. 
Felsite. 


n.  Trachyte. 

1.  Sanidin-trachyte. 

2.  Oligoclase-trachyte. 
Ho  r  fi  bUnde-j^agwcUue- 

tnachyte.    (King^ 
Augite-trachyte.    (King.) 


Granitoid  trachyte. 
Porphyritic    t  r  a- 

chjte. 
Argilloid  trachyte. 
Hyaline  trachyte. 
Homblendic  tra- 

chjrte. 
Augitic  trachyte. 
Phonolite  trachyte. 
Trachytic  obsidian. 


Augite  syenite. 
Quartzless  por- 
phyry. 


ITT.  Pbofyltte. 

1.  Quartzose  propylite. 

2.  Homblendic  propylite. 
8.  Augitic  propylite. 


Quartz-propylite. 
Homblendic  propy- 
lite. 
Augitic  propylite. 


Orthoclase  gabbro. 
Diabase-porphyrite, 


IV.  Andestte. 

Quartz  AndesUe,  (Eling.) 

1.  Homblendic  andesite. 
Augitic  andesite. 


ii. 


Quartz-andesite. 
Homblende-ande- 

site. 
Augite-andesite. 


V.  Basalt. 

1.  Dolerite. 

2.  Basale. 

3.  Leucitophyre. , 


Dolerite. 

Nephelin  dolerite. 
Basalt  proper. 
Leucite  basalt. 
Nephelin  basalt. 
Tachylite. 


Diabase. 
Melaphyr. 
Olivine  gabbro. 


Diabase. 
(Dolerite) 


>  Richthofen'8  Natural  System  of  Volcanic  Rocks. 
'Dutton,  Geo],  of  the  Huh  Plateaus,  p.  112. 

•  Irriiig.  Copper-Bearing  Rooka  of  Lake  Suoerior,  U.  S.  Geol.  Surv.,  1883. 

*  King,  GeoL  Explorationi  of  the  Fortieth  raralleL 
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No  direct  and  positive  evidence  of  tlie  existence  of  life  during  this 
period  has  been  found  in  Wisconsin.  Obscure  forms  supposed  to  be 
of  organic  origin  occasionally  occur  in  the  sedimentary  beds,  but 
the  validity  of  this  identification  is  not  entirely  beyond  doubt.* 
Overlying  the  great  conglomerate  in  the  Penokee  and  Porcupine 
mountain  regions,  there  is  a  black  shale  that  closely  simulates  that 
of  later  ages  formed  in  association  with  life,  and  the  existence  within 
it  of  disseminated  silver,  copper  and  iron — in  part  united  with 
sulphur, —  lends  support  to  the  view  that  organic  life  was  present 
during  its  accumulation. 

Theoretically  there  is  little  room  to  doubt  the  existence  of  life 
throughout  the  period.  The  igneous  eruptions,  while  in  their  full 
activity,  perhaps  gave  rise  to  conditions  incompatible  with  fixed 
forms  of  hfe  in  this  immediate  vicinity,  but  in  the  intervals  of  repose, 
and  in  the  long  age  of  sedimentation  after  the  lava-flows  ceased, 
conditions  congenial  to  life  may  be  supposed  to  have  been  presented. 
The  absence  of  fossils,  therefore,  is  to  be  referred  to  the  want  of 
suitable  conditions  for  their  preservation. 

The  Keweenawan  Flexure. 

We  have  already  alluded  to  the  evidence  that  during  the  accu- 
mulation of  the  great  igneous  and  detrital  series,  the  center  of  the 
Lake  Superior  basin  was  slowly  settling  down,  while  the  margins 
were  being  tilted  upward.  This  process  continued  until  the  whole 
series  assumed  the  form  of  a  great,  deep  trough,  the  axis  of  which 
lies  between  Isle  Eoyale  and  Keweenaw  Point,  and  extends  south- 
westward  across  Ashland,  Bayfield  and  Burnett  counties  in  Wis- 
consin, to  the  borders  of  Minnesota.  The  first  determination  of  the 
westward  extension  of  the  Lake  Superior  synclinal  into  Ashland 
and  Bayfield  counties,  Wisconsin,  seems  to  have  been  made  by  Prof. 
Irving  in  1873.  The  upper  portion  of  the  St.  Croix  river  lies  near 
the  axis  of  this  synclinal  valley.  On  the  south  margin,  the  strata 
are  tilted  at  various  high  angles,  apparently  reaching  their  greatest 
inclination  in  Ashland  county,  where  they  are  nearly  vertical.  From 
this  region,  as  traced  both  to  the  east  and  west,  they  decline, 
being  quite  flat  both  on  the  eastern  shore  of  Lake  Superior  and  on 


*  In  Geol.  Surv.  of  Wis.,  Iowa  and  Minn.,  Table  I.  D.,  Dr.  Owen  figures  "  Impres- 
sions of  plants  (?)  in  the  red  sandstones  of  the  northwest  shore  of  Lake  Superior," 
which  probably  belong  to  the  Keweenawan  system.  In  his  **  Sketches  of  Crea- 
tion," Prof.  A,  Winchell  figures  a  supposed  seaweed,  Palceophycus  arthrophycus 
**from  the  Lake  Superior  sandstone,  north  fiank  of  l*orcupine  moimtains," 
which  probably  is  to  be  referred  to  this  series. 
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the  western  Wisconsin  border.  On  the  opposite  side  of  the  trough, 
the  beds  slope  more  gently,  according  to  the  testimony  of  various 
observers.  To  the  southwest  this  trough  shoals  and  tapers  to  a  point 
in  the  vicinity  of  the  St.  Croix  river  a  short  distance  above  the  Falls, 
while  in  the  opposite  direction  it  seems  to  curve  upon  itself  con- 
centric with  the  outline  of  Keweenaw  Point  (Irving),  and  to  occupy 
the  eastern  bed  of  the  lake  where  it  is  mainly  concealed,  and  its 
extent  or  limitation  in  that  direction  unknown. 

The  combined  subsidence  and  uplifting  which  produced  this  syn- 
clinal trough,  was  manifestly  a  quiet,  progressive,  long-continued 
action.  It  did  not  induce  any  noteworthy  metamorphic  changes  in 
the  strata  involved,  notwithstanding  the  fact  that  their  material  was 
such  as  to  peculiarly  fit  them  for  transformation,  being  a  commingling 
of  contrasted  acidic  and  basic  substances.  The  shales,  sandstones, 
and  conglomerates  remain  such,  without  notable  evidence  of  com- 
pression or  chemical  combination.  Even  the  cellular,  amygdaloidal 
portions  of  the  lava-flow  were  not  compressed  so  as  to  produce  any 
conspicuous  flattening  of  the  spherules.  The  tilting  and  flexure  of 
a  rock  series  miles  in  thickness,  from  a  horizontal  to  a  nearly  vertical 
position,  attended  by  so  slight  effects  upon  the  character  of  the 
rock,  is  an  instructive  illustration  of  great  stratigraphical  tilting 
attended  by  little  metamorphic  change.  The  fact  that  this  is  one 
of  the  greatest  eruptive  series  of  geological  history  adds  impressive- 
ness  to  the  illustration.  It  teaches  caution  in  attributing  great 
metamorphic  results  either  to  simple  tilting,  great  depth  of  accumu- 
lation, or  associated  igneous  action. 

Character  of  the  Action,  Howev^er  well  it  might  accord  with  pop- 
ular predilections  and  satisfy  the  thirst  of  a  sensational  imagination 
to  picture  this  as  an  era  of  great  convulsions  and  of  violent  upheav- 
als, the  cold  facts  of  even  so  igneous  a  period  give  little  ground  for 
it.  Its  great  movements  were  of  the  quiet,  gigantic  character,  fitter 
subjects  for  our  admiration  than  destructive  convulsions.  Even  its 
igneous  eruptions  were  of  a  quiet  sort,  and  came  welling  up  tlirough 
great  fissures  in  the  crust,  and  flowed  away  in  broad  molten  sheets. 
The  conflicts  between  these  fiery  flows  and  the  water  of  the  basin 
doubtless  gave  rise  to  a  vaporous  display  of  truly  magnificent  pro- 
portions. The  opening  of  the  fissures  through  which  the  outflow 
took  place  was  probably  attended  by  earthquake  tremors,  which 
may  have  sometimes  been  locally  violent,  but  were  trivial  circum- 
stances in  a  comprehensive  earth-study. 

Hypothetical  AgencieM  of  Igneous  Eruption,    No  theory  of  the  hidden  nature 
and  causes  of  volcanic  eruptions  has  yet  been  proposed  which  has  met  with  gen- 
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eral  acceptance.  The  elucidation  of  this  extremely  difficult  problem  will  doubt- 
less only  be  wrought  out  by  very  extended  and  exact  observations,  and  by  a 
more  thorough-going  and  critical  analysis  of  the  phenomena  than  has  yet  been 
made,  or  is  indeed  possible  with  the  data  now  at  command.  It  may,  however, 
be  only  a  proper  yielding  to  a  conmiendable  spirit  of  inquiry  among  general 
readers,  to  state  in  brief  propositions,  what  seems  to  the  writer,  at  the  present 
stage  of  investigation,  most  likely  to  ultimately  prove  true,  advising,  however, 
that  they  be  held  very  lightly.    The  hypothetical  postulates  are  as  follows: 

1st.  That  the  source  from  which  the  eruptions  spring  is  relatively  superficial. 

2d.  That  the  material  erupted  is  not  the  remnant  of  a  supposed  primordial 
liquid,  either  constituting  a  liquid  interior,  or  local  molten  lakes,  but  is  formed 
from  the  melting  of  the  rock  of  the  earth's  crust. 

3d.  That  such  melted  portions  are  extremely  local,  so  that  neighboring  vents 
connect  with  independent  reservoirs. 

4th.  That  the  melted  rock  has  sometimes  been  derived  from  the  primitive 
crust,  but  perhaps  more  frequently  from  melted  sediments. 

5th.  That  the  fusion  is  due  to  a  combination  of  causes,  the  most  essential  of 
which  consist  of  great  pressure,  resulting  in  high  temperature  (the  fusion  point 
being  necessarily  elevated  also),  followed  by  a  reduction  of  pressure,  and  con- 
sequently a  lowering  of  the  fusion  point,  resulting  in  liquefaction  before  the  tem- 
perature has  been  correspondingly  reduced, 

6th.  This  succession  of  high  and  low  pressure  (and  consequent  changes  of  tem- 
perature and  fusion  point)  are  possibly  due,  we  venture  to  suggest,  to  the  changing 
attitudes  of  strata,  under  the  tangential  pressure  of  a  shrinking  globe. 

7th.  That  the  ejective  force  is  the  resultant  of  the  combined  action  of  (1)  tan- 
gential pressure,  (2)  the  weight  of  superincumbent  rock,  (3)  the  expansive 
force  of  included  vapors,  and  (4)  the  effect  of  heat  upon  the  specific  gravity  of 
the  liquefied  rock. 

8th.  That  the  relative  order  of  eruption  is  due  to  the  relative  order  of  lique- 
faction, modified  by  specific  gravity  and  the  relations  to  the  eruptive  force,  very 
much  as  maintained  by  Dutton.^ 

The  only  point  in  these  propositions  that  is  at  all  novel  — and  that  may  not 
be  —  is  that  which  refers  liquefaction  to  the  varying  relation  of  temperature  and 
fusing  point,  due  to  changmg  attitudes  of  the  strata  while  yielding  to  lateral 
compression.  Beds  in  being  forced  from  their  original  horizontal  position,  into 
the  variously  folded,  crumpled  and  crushed  states  which  they  at  length  assume, 
must  necessarily  sustain  different  postures  toward  the  compressing  force,  and 
hence  be  affected  by  it  in  a  correspondingly  unequal  manner.  This  will  become 
more  and  more  evident  as  the  conception  is  carried  into  detail.  The  stratified 
portion  of  the  crust  is  composed  of  layers  of  unequal  compressibility  and  rigid- 
ity. The  more  resistant  layers  will  necessarily  bear  the  greater  strain,  and  the 
greatest  compressing  force  will,  therefore,  be  exerted  within  their  planes.  As 
they  are  bent  at  any  point  out  of  the  horizon  of  this  plane,  the  pressure  upon 
them  will  be  in  part  relieved  at  that  point,  and  correspondingly  transferred  to 
other  layers  that  now  fall  within  it.  The  phenomena  of  rupture,  igneous  intru- 
sion, and  faulting,  afford  direct  evidence  both  of  difference  and  of  change  of 
strain. 

If  the  fundamental  cause  of  eruption  be  found  in  the  varying  stress  of  tan- 
gential pressure,  it  is  not  strange  that  eruptive  phenomena  should  be  manifested 
mainly  near  coast  lines,  since  the  crust,  balanced  under  tangential  stress,  is 

>  Geology  of  the  High  Plateaus  of  Utah. 
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being  increasingly  burdened  off  shore  by  the  accumulation  of  sediments,  and 
continually  lightened  landward  by  denudation.  This  transferred  material  might 
reasonably  be  thought  not  to  be  of  itself  a  very  potential  element,  but  by  being 
brought  to  bear  on  the  extremely  low  arch  of  the  crust  already  under  horizon- 
tal stress  to  the  initial  point  of  yielding,  it  may  become  the  decisive  factor  in 
determining  the  point  of  bending,  and  consequent  throwing  of  given  beds  pre- 
viously under  compression  out  of  the  planes  of  maximum  stress.  The  general 
suggestion  of  the  transfer  of  eroded  material,  as  a  potential  element,  is  due,  I 
believe,  to  Clarence  King,  though  his  conception  of  its  agency  is  different  from 
that  here  suggested. 

Recurring  to  what  has  been  said  on  a  previous  page  respecting  the  depression 
produced  by  sediments  adjacent  to  the  shore-line,  it  may  be  conceived  that,  at 
some  distance  off  the  mainland,  along  the  outer  border  of  the  heavier  accumu- 
lations, there  will  be  another  line  of  yielding — the  outer  margin  of  the  sag  — 
where  flexure  and  crumpling  may  take  place.  To  this  cause  may  perhaps  be 
due  volcanic  islands  off  the  coast  of  mainlands. 

FavUing,  There  is  some  reason  to  believe  there  were  a  few  cases 
of  faulting  of  some  magnitude.  Prof.  Irving  has  determined  the 
existence  of  a  displacement  of  the  Huronian  beds  of  1,700  feet  at 
Penokee  Gap.  It  has  not  been  proven  whether  this  involves  the 
Keweenawan  strata  or  not.  It,  of  course,  occurred  after  the  close 
of  Huronian  sedimentation. 

Parallel  to  the  southwestern  projection  of  Lake  Superior,  in 
Douglas  and  Bayfield  counties,  there  runs  a  cliflf  formed  by  the  up- 
turned edges  of  igneous,  southward-dipping  beds,  against  which  a 
later-formed  horizontal  sandstone  (Potsdam)  abuts,  showing  that  it 
stood  as  a  sea-cliflf  in  the  Potsdam  seas.  Keweenaw  Point  presents 
a  similar  phenomenon  of  more  striking  character,  its  beds  dipping 
northwestward,  and  exposing  in  the  opposite  direction  a  mural  face 
against  which  abuts  a  similar  horizontal  sandstone.^  This  may  all 
possibly  be  the  work  of  erosion  in  the  great  intervjil  otherwise  dem- 
onstrated to  exist  between  the  Keweenawan  period  and  the  Potsdam, 
but  the  extent  and  the  regularity  of  the  cliflf-faces  lends  support  to 
the  hypothesis  that  the  phenomenon  is  due  to  displacement  afterwards 
modified  by  erosion.  If  these  cliffs  were  produced  by  faulting,  the 
displacement  was  doubtless  attended  by  the  nearest  approach  to  a 
great  convulsion  that  the  period  witnessed.  At  best,  this  might 
amount  to  the  settling  down  of  a  small  bit  of  the  globe's  crust  to  a 
depth  perhaps  one  ten-thousandth  part  of  its  distance  from  the  earth's 


1  This  has  been  recently  disputed  by  Dr.  M.  E.  Wadsworth  in  a  paper  entitled 
"Notes  on  the  Geology  of  the  Iron  and  Copper  Districts  of  Lake  Superior, 
Bulletin  of  the  Museum  of  Comparative  Zoology  of  Harvard  College,"  but 
more  recent  observations  under  the  direction  of  Prof.  Irving  have  shown  the 
groundlessness  of  his  contention. 
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center,  a  local  phenomenon  of  great  importance  to  be  sure,  but  rela- 

'  tive  to  the  whole  globe,  only  trivial. 

Huronian  Strata  Involved.  The  underlying  Huronian  strata  par- 
took of  the  Keweenawan  subsidence,  and  so  appear  to-day  tilted  in 
a  manner  nearly  conformable  to  the  Keweenaw  series.  It  hence 
appears  that  a  portion  at  least  of  the  Huronian  disturbance  trans- 
pired during  the  Keweenawan  period,  and  a  still  further  portion 
after  the  close  of  its  sedimentation.  We  incline,  therefore,  to  the 
view  that  the  Huronian  folding  began  before  the  Keweenawan 
period,  extended  throughout  it,  and  only  reached  its  completion  at  a 
later  i^riod.  The  eruptions  that  were  the  great  event  of  the  earlier 
Keweenawan  epoch  may  have  had  an  intimate  connection  with  the 
disturbing  force,  while  the  flexing  of  the  same  series  entered  as  an 
important  factor  into  the  later  disturbances.  Under  this  view  the 
connection  of  the  Huronian  and  Keweenawan  series  is  intimate, 
and  the  latter  furnishes  an  illustration  of  igneous  and  sedimentary 
accumulations  forming  contemporaneously  with  an  orographic  dis- 
turbance, in  which  they  themselves  were  measurably  involved. 

Jjtstinctness  of  Huronian  from  Keweenawan  Period,  The  meta- 
morphism  of  the  Huronian  sediments,  however,  appears  to  have 
been  mainly  accomplished  before  the  recognized  Keweenawan 
period  began,  for  the  rocks  of  the  latter  contain  metamorphic  peb- 
bles, apparently  from  the  former,  while  they  were  not  themselves 
metamorphosed.  This,  together  with  the  interval  between  the  two 
periods  and  the  diversity  in  their  predominant  characteristics  and 
their  great  individual  development,  is  held  to  be  sufficient  ground 
for  their  distinct  designation.  The  names  Keweenian,  proposed  by 
Hunt,  and  Keweenawian,  by  Brooks,  have  been  practically  accepted, 
slightly  modified  orthographically.  Not  much  can  be  said  for  the 
euphony  of  any  of  the  three,  but  Keweenaw  Point  is  so  unques- 
tionably entitled,  under  geological  usage,  to  give  its  name  to  the 
formation,  that  we  must  accept  its  uncouthness  and  strength,  in  lieu 
of  the  smoothness  and  elegance  that  is  certainly  to  be  desired  in  a 

•  term  so  often  repeated  as  the  name  of  a  formation. 

What  may  be  the  precise  taxonomic  value  of  the  distinction  in  the  somewhat 
unequal  scale  of  discriminations  that  characterize  the  commonly  accepted  geo- 
logical series,  it  is  difficult  to  determine,  before  the  formation  shaU  have  been 
worked  out  in  other  regions.  Judging  from  the  area  under  consideration,  its 
value  appears  to  be  greater  than  that  of  the  distinctions  characterizing  PalsBO- 
zoic  periods,  possibly  greater  than  those  of  the  Palaeozoic  ages,  though  of 
courso  the  organic  basis  for  distinction  is  lacking.  It  is  certainly  much  less  than 
the  distinction  between  the  Laurentian  and  Huronian  eras.  The  conviction 
may  be  here  expressed  that  the  taxonomic  value  of  the  Archsaan  eras  has  been 
usually  greatly  under-estimated. 
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Chemical  Metamorphism.  Metasomatism.  While  the  mechanical 
disturbance  of  the  system  was  attended  by  but  trivial  metaraoq)hic 
changes^  a  series  of  chemical  transformations  of  an  interesting 
nature  ensued,  but  were  probably  not  immediately  dependent  on  the 
disturbance. 

Formation  of  Amygdules,  It  has  been  remarked  that  the  upper, 
and,  to  a  less  extent,  the  lower  faces  of  each  of  the  lava-flows,  was 
marked  by  vapor  vescicles,  doubtless  due  mainly  to  steam  inclosed 
in  the  molten  rock.  These,  at  first,  were  empty  cavities,  but  are 
now  found  filled  with  a  variety  of  secondary  minerals,  such  as  cal- 
cite,  quartz,  laumontite,  chlorite,  epidote,  datolite,  prehnite,  ortho- 
clase,  analcite,  and,  most  interesting  of  all,  native  copper  and  silver. 
Sometimes  a  cavity  is  filled  with  a  single  mineral,  but  quite  often 
two  or  more  occupy  the  same  vescicle,  lining  it  with  concentric  lay- 
ers, sometimes  completely  filling  it,  and  at  others,  leaving  a  minia- 
ture geode  in  the  center.  , 

Pseud- Amygdules.  But  the  process  was  not  wholly  one  of  filling 
and  reconstruction.  The  waUs  of  the  cavities  were  sometimes  en- 
larged, occasionally  uniting  vescicles,  and  sometimes  even  consider- 
able masses  of  the  rock  were  removed  and  replaced  by  minerals  of 
secondary  formation.  Still  further,  in  portions  of  the  rock  where 
vapor  vescicles  seem  not  to  have  been  originally  present,  the  primi- 
tive rock-material  was  removed,  and  a  secondary  mineral  —  often  a 
chlorite  —  substituted,  forming  a  false  amygdaloid  (pseud-amyg- 
daloid). 

Metasomatic  Changes.  But  the  igneous  rocks  did  not  escape  with 
even  these  changes.  The  original  material  was  largely  triclinic 
feldspar  and  augite.  These  have  undergone  more  or  less  change, 
and,  by  critical  microscopical  examination  of  a  series  of  specimens 
in  which  the  process  is  still  incomplete,  the  various  stages  of  progress 
may  be  seen,  which  is  nearly  equivalent  to  seeing  the  actual  trans- 
formation. The  result  of  these  changes  has  been  the  production  of 
chlorite,  uralite,  viridite,  and  other  secondary  products  throughout 
the  rock,  while  a  portion  of  the  substance  has  been  carried  out  into 
the  amygdaloidal  cavities,  and  the  cracks  and  fissures  of  the  rock, 
to  form  the  filling  of  amygdules  and  veins.  The  details  of  these 
interesting  changes  may  be  found  in  Vol.  Ill  of  this  report,  in  Prof. 
Pumpelly's  paper  upon  Metasomatic  Development  of  the  Copper- 
bearing  Rocks  of  Lake  Superior,^  and  in  the  forthcoming  memoir  of 
Prpf.  Irving. 

iProc.  Amer.  Acad.  Arts  and  Sciences,  Vol.  Xin,  p.  253  et  seq. 
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Metallic  Contents.  While  the  extraordinary  display  of  igneous 
and  aqueous  agencies  lends  deep  scientific  interest  to  the  formation, 
its  metallic  contents  attract,  by  even  a  stronger  fascination,  the  in- 
dustrial world.  The  richest  known  copper  mine  in  the  world  is 
located  within  it.  The  formation  has  long  been  known  as  the 
copper-bearing,  or  cupriferous  series,  and  the  latter  term  would 
doubtless  stand  as  its  permanent  name,  but  for  the  fact  that  it  might 
be  misleading  when  applied  to  the  equivalents  of  the  series  else- 
where. 

The  Copper.  Conglomerate  DepomU.  The  copper  of  the  formation 
occurs  partly  in  the  igneous  rock,  and  partly  in  the'  sedimentary. 
In  the  latter  case,  the  metal  usually  occurs  scattered  through  the 
conglomerates,  sandstones  and  shales,  in  nuggets,  flakes,  leaves, 
and  fine  particles.  In  some  instances,  pebbles  of  the  conglomerate 
have  been  gradually  removed  and  copper  substituted  in  their  stead, 
so  that  there  is  now  a  pebble  of  metal,  where  there  was  formerly  one 
of  stone — a  clear  demonstration  that  copper  was  introduced  by  a 
process  of  replacement,  after  the  formation  of  the  conglomerate. 
In  other  instances,  little  seams  in  the  sandstone  or  shale  have  been 
filled  with  the  metal,  constituting  miniature  metallic  veinlets.  A 
specimen  in  my  possession  shows  such  a  seam  across  a  ripple-marked 
surface,  indicating  the  following  historical  stages:  first,  tlie  arrange- 
ment of  the  sediment  by  the  rippling  action  erf  the  waves;  second, 
its  hardening  and  subsequent  cracking;  and  third,  the  filling  of  the 
little  crevices  with  metallic  copper. 

In  the  great  Calumet  and  Hecla  mine  of  Michigan — the  greatest 
of  the  world —  the  copper  is  so  abundant  as  to  act  as  a  cementing 
matrix  for  the  conglomerate,  enwrapping  and  binding  the  whole 
into  a  mass  of  extraordinar}'^  richness.  The  so-called  vein  in  this 
mine  is  really  a  bed  of  conglomerate  from  8  to  12  feet  thick,  lying 
between  massive  sheets  of  trap.  This  may  be  taken  as  a  type, 
though  exceptionally  rich,  of  the  deposits  in  sedimentary  portions 
of  the  formation. 

Amygdaloidal  Deposits,  In  the  igneous  portions  of  the  series,  the 
'richer  copper  deposits  are  mainly  found  in  the  amygdaloidal  portions 
of  the  flows.  The  simplest  form  of  deposit  of  this  class  consists  in 
the  filling  of  the  vapor  vescicles  of  the  lava-flows  with  metallic 
copper.  Occasionally  a  portion  of  such  rock  occurs  thoroughly 
shotted  with  copper,  so  deposited.  The  deposit,  however,  is  rarely 
so  simple  as  this.  It  is  often  complicated  by  the  deposition  of 
other  minerals  in  the  same  vescicles,  sometimes  preceding  the  copper, 
and  sometimes  following  it,  while  in  still  other  cases,  their  deposition 
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was  contemjx)raneou3  with  it,  so  that  copper  is  but  one,  and  often 
the  least  of  many  occupants  of  these  cavities.  A  peculiar  and  com- 
plex succession  is  unequivocally  indicated  by  the  relatioos  which 
copper  sustains  in  numerous  cases  to  the  associated  minerals. 

The  cavities  themselves  did  not  usually  remain  intact  They  were 
often  greatly  enlarged,  and  sometimes,  by  the  removal  of  their  walls, 
were  made  to  coalesce.  In  exceptional  instances  large  portions  of 
the  amygdaloidal  rock  were  removed,  and  copper  and  associated 
mioerals  substituted. 

F^o,  3.  Thus  were  formed  those  great  masses  of 

copper  which  have  been  the  wonder  of  the 
world.  Not  infrequently  the  irregular  craoks 
and  crannies  of  the  rock  are  filled  with  sheets, 
leaves,  or  irregular  masses  of  native  copper. 

In  addition  to  these  richer  concentrations  in 
the  amygdaloidal  portions  of  the  lava-flows, 
copper  particles  are  disseminated  through  the 
more  massive  portions,  sometimes  plentifully, 
but  oftener  quite  sparingly.  These  leaner  in- 
occulations  are  scattered  widely  throughout 
t  amvoiu.  the  formation,  and  may  be  said  to  be  essen- 
ce. Chlorite,  c  c^c^'!'^  *^'-^  coextensive  with  it,  indicating  that  the 
buckof  theBiungtrepraaenu  sourco  of  the  coppcr  was  such  as  to  iufuse  the 
"'^^''-  formation  widely  with  the  metal 

Vein  Dcpoaila.  The  copper  deposits  present  still' another  and 
quite  distinct  phase  —  that  of  fissure  veins.  The  igneous  rocks  were, 
in  some  instances,  extensively  and  deeply  fractured,  and  the  crevicM 
so  formed  were  subsequently  filled  by  minerals  formed  in  successive 
layers  upon  their  walls.  Among  the  minerab  so  deposited,  native 
copper  is  found,  and  some  mining,  in  Michigan,  has  been  prosecuted 
on  such  deposits.  The  position  and  regularity  of  these  fissure  veins 
is  snch  as  to  make  it  highly  probable  that  they  were  formed  after 
the  upheaval  of  the  formation,  which  closed  the  era  under  dis- 
cussion. 

Mdation  of  Copper  to  Associated  Minerals.  The  manner  in  which 
copper  is  associated  with  its  fellow  minerals  is  interesting  and  sig- 
nificant. Its  relations  to  calcite  may  be  taken  as  an  illustration. 
The  copper  sometimes  lies  upon  the  calcite,  sometimes  is  overlain 
by  it,  and  sometimes  the  two  are  interleaved  or  intermingled.'  In 
some  instances,  the  copper  appears  to  have  penetrated  the  cleavage 
cracks  of  the  calcite  after  the  latter  was  fully  formed.    The  two 

iSeeOwl.  SuTT.  Mich.,  Vol  I,  i^rt  n,  pp.  382-80. 
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were,  therefore,  mutually  successive,  as  well  as  partially  contempo- 
raneous in  origin,  and  must  have  been  deposited  under  conditions 
compatible  with  the  formation  of  both.  Similar  facts  are  true,  in 
some  measure,  of  the  relation  of  copper  to  other  associated  minerals. 

Origin  of  the  Copper.  Igneous  Theories.  Taking  all  the  fcwego- 
ing  facts  into  consideration  —  especially  in  the  fullness  of  their 
details,  not  here  admissible  —  it  is  quite  clear  that  the  copper  was 
not  deposited  by  being  injected  in  a  molten  state  into  the  positions 
in  which  it  is  now  found.  The  manner  in  which  it  is  associated  with 
calcite  and  other  minerals,  its  scattered  condition  in  many  instances, 
the  extremely  attenuated,  leaf-like  forms  which  it  often  assumes,  its 
existence  in  the  midst  of  fissure-veins  formed  much  later  than  the 
igneous  period,  its  replacement  of  pebbles,  together  with  other  sig- 
nificant circumstances  of  occurrence,  seem  conclusive  upon  this 
point.  If  these  leave  any  doubt,  the  occurrence  of  native  copper 
and  silver  together,  in  the  same  lump  and  yet  not  aUoyedy  ought,  it 
would  seem,  to  dispel  it. 

Deposition  from  Aqv^eoua  Solution.  It  may  be  maintained  with 
confidence  that  the  copper  was  deposited  in  its  present  situation  from 
aqueous  solution  by  chemical  agencies.  It  has  been  plausibly  sug- 
gested that  iron  protoxide  compounds  may  have  been  the  chief 
agency  of  precipitation,  by  deoxidizing  the  copper  solutions.*  Organic 
solutions  penetrating  from  the  surface  may  perhaps  have  acted  as 
reducing  agencies. 

Source  of  the  Copper.  1.  Theory  of  Derivation  from  Underlying 
Ore  Beds  by  Ascending  Melted  MaMer.  This  still  leaves  to  be  answered 
the  ulterior  question  of  the  source  of  the  copper  solution.  It  has 
been  maintained  that  the  molten  rock,  as  it  rose  to  the  surface,  trav- 
ersed beds  containing  copper  ores,  which  were  reduced  by  the  heat, 
and  borne  upward,  mingling  with  the  liquid  rock  from  which  they 
were  subsequently  extracted  and  concentrated  by  thermo-aqueous  and 
chemical  agencies.*    Several  objections  stand  against  this  hypothesis. 

1.  The  underlying  strata,  so  far  as  determinable  by  their  outcrop- 
pings  around  the  margin  of  the  basin,  give  no  warrant  for  the  sup- 
position that  they  contain  such  ore  deposits.'  The  existence  of  the 
supposed  ore  beds  must,  therefore,  be  gratuitously  assumed. 

iPumpelly,  Geol.  Surv.  of  Mich.  VoL  I,  Part  11,  pp.  44  and  46. 

3Dana*s  Manual,  p.  186. 

•The  copper-bearing  series,  described  in  the  older  Canadian  reports,  and  appar- 
ently assumed  to  underlie  the  series  under  discussion,  is  thought  to  be  its  eastern 
equivalent.  There  certainly  is  no  evidence  of  the  existence  of  any  such  series 
on  the  south  shore  of  Lake  Superior,  nor,  if  the  writer  is  correctly  informed, 
upon  the  opposite  Eude. 
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2.  In  the  second  place,  they  must  be  assumed  to  be  of  enormous 
magnitude  and  richness,  for  it  is  incredible  that  dikes  crossing  them 
should  have  melted  more  than  that  portion  of  the  metal  which  lay 
immediately  adjacent  to  the  passing  lava;  or,  in  other  words,  only 
a  small  fraction  of  the  entire  deposit.  But  the  amount  of  copper  in 
the  series  under  consideration  is  something  extraordinary  in  itself. 
To  suppose  the  enormous  wealth  of  the  Calumet  and  Hecla  mine  to 
be  derived  from  such  portions  of  an  ore  bed  below  as  could  be  melted 
and  brought  up  by  the  flows  overlying  and  underlying  that  extraordi- 
nary mine,  is  to  lay  a  severe  tax  upon  belief,  without  the  support  of 
any  adequate  evidence.  If  it  be  assumed  that  the  traversing  dikes 
followed  the  copper-bearing  beds  for  some  distance,  the  force  of  this 
objection  will  be  somewhat  mitigated,  but  by  no  means  removed. 

3.  Each  successive  flow  would  traverse  relatively  more  and  more 
exhausted  ground,  and  hence  would  be  correspondingly  less  en- 
riched. The  earliest  flows  should,  therefore,  have  been  most  metal- 
liferous, especially  as  they  were  most  massive  and  followed  each 
other  in  quickest  succession.  As  a  matter  of  fact,  however,  the 
copper  deposits  lie  more  largely  in  the  later  portions  of  the  series, 
and,  what  is  especially  significant,  in  the  alternating  igneoits  and 
sedimentary  portions^  which  bear  upon  their  face  the  evidence  of 
being  moderate  ejections  separated  by  long  intervals  of  repose  — 
circumstances  little  favorable  to  the  extensive  heating  and  reducing 
action  which  the  theory  presupposes.  This,  besides  strengthening 
the  second  objection,  constitutes  in  itself  an  independent;  one,  in 
the  fact  that  the  metal  does  not  occur  where  the  hypothesis 
demands. 

4.  A  further  objection  arises  from  the  want  of  evidence  that  the 
penetrating  molten  rock  produced  any  profound  eflFects  upon  the 
adjacent  rock.  Observations  upon  the  rock  lying  next  the  dikes, 
now  exposed  by  denudation,  indicate  that  the  walls  were  but  little 
affected  by  the  passing  materiaL  A  little  baking  or  hardening,  or 
slight  local  metamorphism,  is  the  extent  of  observed  effects.  The 
inclosing  walls  are  clearly  and  sharply  defined,  and  not  fused  and 
commingled  with  the  trap,  as  might  be  expected  if  the  molten  rock 
were  superheated  to  such  an  extent  as  to  reduce  copper  ores.  These 
observations  are  in  harmony  with  theoretical  considerations,  for  the 
eruptive  rock  is  not  a  heat-generator,  but  merely  a  heated  mass.  It 
cannot  impart  heat  without  corresponding  loss  to  itself,  and  cannot 
suffer  much  reduction  of  temperature  without  solidifying.  At  the 
point  of  its  origin,  it  cannot  be  supposed  to  be  sensibly  heated  above 
the  point  of  fusion,  for  any  excess  of  heat  would  be  consumed  in 


112  GENERAL  GEOLOGY. 

the  liquefaction  of  adjacent  rock.  In  rising  through  the  strata  its 
fusion  point  would  sink,  because  of  relief  of  pressure.  This  would 
tend  to  give  it  a  temperature  above  that  necessary  to  maintain  its 
liquid  condition,  but  it  would,  on  the  other  hand,  lose  heat,  (1)  from 
expansion  both  of  the  molten  rock  and  the  contained  gases,  and 
also  (2)  from  contact  with  the  walls  of  the  fissure  through  which  it 
passed,  and  from  the  conversion  into  steam  of  the  moisture  con- 
tained in  them.  The  evidences  of  rapid  cooling  which  the  walls 
of  dikes  almost  universally  present,  show  that  these  are  important 
considerations,  and  justify  the  belief  that  the  surrounding  rock  has 
a  more  manifest  effect  in  congealing  the  molten  rock,  than  the  lat- 
ter has  in  fusing  it.  The  hypothesis  that  the  copper  was  melted 
from  ore  beds  traversed  by  rising  lava,  seems,  therefore,  unten- 
able. 

Theory  of  Oceanic  Precipitation.  It  has  been  suggested  that  the 
copper  was  derived  from  oceanic  waters  through  the  extractive 
agency  of  organic  matter,  and  the  precipitants  generated  by  its  de- 
composition, and  that  the  metallic  sediment  so  formed  was  after- 
ward taken  up  in  solution,  and  deposited  as  now  found,  being 
reduced  to  the  metallic  state  by  iron  protoxide  compounds  or  other 
reducing  agencies. 

This  view  encounters  difficulties  in  requiring  the  assumption  of 
the  existence  of  organic  life  beyond  what  evidence  justifies  or  theo- 
retical presumption  warrants.  In  circumscribed  basins,  repeatedly 
overwhelmed  by  great  eruptions,  life  would  quite  certainly  be  less 
abundant  than  under  the  average  conditions  of  the  adjacent  undis- 
turbed sea,  and  hence  to  that  extent,  this  region  should  be  supposed 
to  be  lean,  rather  than  rich,  in  the  metallic  precipitants  to  which  life 
gives  origin.  Unless,  therefore,  reasons  can  be  assigned  why  this 
area  of  the  ocean  was  exceptionally  enriched  by  metallic  solution, 
this  hypothesis  lacks  probability.  Now,  if  any  exceptional  enrich- 
ment took  place  in  this  basin,  it  would  seem  that  it  must  have  had 
its  origin  from  the  igneous  ejections  themselves,  for  we  have  already 
alluded  to  the  evidence  that  the  sediments  of  the  period  were  mainly 
derived  from  the  erosion  of  the  margins  of  the  earlier  lava-flows, 
and  hence,  even  pursuing  this  line  of  hypothesis,  we  are  led  to  seek 
the  origin  of  the  copper  in  the  eruptions  themselves. 

Another  difficulty  encountered  by  this  hypothesis  arises  from  the 
copper  deposits  that  lie  in  or  between  the  igneous  sheets,  and  in  no 
ascertainable  way  associated  with  sedimentary  deposits. 

Oceanic  precipitation  would  seem,  therefore,  to  be  an  exceedingly 
improbable  source,  considered  in  relation  to  the  great  massive  de- 
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posits  in  question,  although  it  may  have  been  a  subordinate  and 
secondary  agency. 

Theory  Here  Accepted.  From  the  consideration  of  all  the  phe- 
nomena involved,  we  are  led  to  seek  the  proximate  source  of  the 
copper  in  the  igneous  rocks  themselves,  and  the  more  distant  source 
in  the  rocks  from  whose  melting  these  arose.  A  metallic  ingredient 
from  such  a  source  would  be  widely  —  though  probably  not  uni- 
f omdy — distributed  throughout  the  igneous  rock,  and  in  this  it 
accords  with  observation. 

It  would,  however,  only  become  observable  and  industrially  availa- 
ble where  concentrated  by  subsequent  agencies,  and  therefore, 
practically,  the  method  of  concentration  is  one  of  the  most  impor- 
tant phases  of  the  problem. 

Method  of  ConcentrcUion.  Concentration  is  believed  to  have  been 
accomplished  through  the  agency  of  permeating  atmospheric  waters. 
These,  penetrating  the  fissures  and  capillary  crevices  of  the  rock, 
bore  in  oxygen,  and  carbonic  and  organic  acids  which  attacked  the 
disseminated  ores  of  some  portions  of  the  rock  substance,  as  abun- 
dantly shown  by  microscopic  inspection.  The  solutions  so  formed 
would  be  borne  onward  with  the  capillary  moisture  in  the  direction 
of  internal  drainage.  This  would  be  toward  the  more  open  portions 
of  the  formation,  whether  they  were  the  vescicular  amygdaloidal 
bands,  the  interstratified  conglomerates  and  sandstones,  or  gaping 
fissures,  for  these  are  the  great  avenues  of  internal  drainage.  The 
waters,  permeating  different  portions  of  the  rock,  doubtless  bore 
away  somewhat  different  solutions  according  to  the  special  condi- 
tions encountered  by  them. 

On  entering  the  more  porous  belts,  they  would  commingle  with 
waters  that  had  descended  more  directly  from  the  surface,  and  were 
differently  charged  with  accessory  ingredients.  There  were  thus 
continually  brought  together  (1)  solutions  formed  by  waters  perco- 
lating through  the  rock,  meeting  (2)  those  differently  charged,  be- 
cause they  had  passed  through  different  rocks  or  under  different 
conditions,  and  (3)  waters  descending  more  directly  through  the 
porous  avenues  of  drainage,  possibly  charged  with  reducing  organic 
agencies.  The  precise  character  of  the  chemical  reactions  that  would 
take  place  under  these  conditions  is  quite  hypothetical.  Several 
probable  reactions  may  be  assigned  which  would  involve  the  depo- 
sition of  copper,  among  them  the  reducing  action  of  the  proto-salts 
of  iron,  as  suggested  by  Purapelly.^    It  is  probable  that  an  elabo- 

iQeol.  Mich.,  Vol.  I,  Part  n,  pp.  41  to  44;  also  Am.  Jour.  Science,  3rd  series,  II, 
1871,  p.  353. 
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rate  study  of  the  order  and  relations  of  the  complex  groups  of  min- 
erals with  which  copper  is  associated,  such  as  that  so  well  begun  by 
Professor  Pumpelly,  supplemented  by  special  chemical  researches, 
will  at  length  satisfactorily  determine  the  precise  reactions.  But 
this  is  a  labor  of  the  future.  There  is  much  yet  to  learn  concerning 
the  complicated  chemistry  that  is  ever  being  wrought  in  the  interior 
of  complex  rocks  of  the  type  under  consideration.  That  they  are 
thoroughly  pervaded  by  the  effects  of  chemical  changes  is  unequiv- 
ocally attested  by  critical  investigation,  especially  by  the  recent 
microscopical  methods.  Allusion  has  already  been  made  to  some  of 
these,  and  the  special  reports  give  ampler  details. 

The  concentration  of  copper  is  regarded  as  but  one  of  the  many 
results  of  slow  chemical  activities,  inaugurated  and  sustained  by  per- 
meating waters  —  begun  when  first  the  rocks  were  formed,  contin- 
ued throughout  the  lapse  of  the  vast  succeeding  ages,  and  still  in 
progress.  The  greatness  of  the  copper  concentration  ceases  to  be  so 
surprising  when  regarded  as  the  accumulated  result  of  the  action  of 
millions  of  years. 

Ores  in  Detrital  Bech  Not  Associated  With  Ifftieous  Hocks.  One 
class  of  dejwsits,  however,  to  which  little  allusion  has  as  yet  been 
made,  seems  to  require  special  explanation  under  this  hypothesis, 
thougli  they  are  so  far  subordinate  in  richness  as  not  yet  to  have 
proved  remunerative  to  mining,  viz. :  the  occurrence  of  copper  and 
silver  in  detritiil  beds  that  lie  entirely  above  the  igneous  sheets. 
The  silver-bearing  horjzon  of  the  Ontanagon  (Iron  river)  region, 
which  has  been  traced  into  Wisconsin,  may  be  taken  as  a  special 
illustration  of  this,  since  it  is  the  highest,  best  known,  and  best  de- 
fined of  such  deposits.  It  may  be  called  to  mind  that  the  metallic 
deposit  is  distributed  along  a  definite  bedding  horizon,  and  that  this 
lies  in  the  dark  shale,  immediately  above  the  great  conglomerate, 
separated  by  some  hundreds  of  feet  from  the  uppermost  igneous 
sheets.  The  farther  fact  that  a  part  of  the  ore,  especially  of  the 
copper,  is  in  the  form  of  the  sulphide  is  to  be  noted. 

In  accounting  for  this  peculiar  deposit,  the  conditions  prevalent 
when  the  stratum  was  formed  are  to  be  considered.  We  rejected 
the  theory  of  marine  origin  for  the  main  deposits  of  the  series 
for  the  reasons  already  assigned,  mainly  the  want  of  evidence  of  the 
existence  of  abundant  life,  and  the  absence  of  conditions  making 
its  existence  probable  in  this  eruptive  region.  But,  accepting  the 
above  hypothesis,  that  the  lavas  were  infused  with  copper  rind  silver, 
and  that  the  sedimentary  beds,  which  contain  the  deposits  now  under 
consideration,  were  derived  from  these  by  disintegration,  there  is  a 
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manifest  source  whence  the  waters  of  this  nearly  inclosed  basin 
might  be  exceptionally  enriched,  and,  now  that  the  eruptions  had 
long  since  ceased,  organic  life  might  have  flourished  undisturbed. 
The  association  of  the  deposit  with  the  black  shale  lends  support  to 
this  presumption,  though,  so  far  as  known,  it  has  not  been  shown 
that  its  dark  color  is  due  to  organic  agencies.  There  are,  there- 
fore, good  reasons  for  thinking  that  this  deposit  may  have  been  due 
to  marine  deposition,  through  the  extractive  agencies  of  life  and  the 
sulphuretted  gases  attending  the  decomposition  of  its  remains.  The 
metals  so  precipitated  would  undoubtedly  be  in  the  form  of  dissem- 
inated sulphides,  and  would  have  need  to  be  taken  up  by  percolating 
waters  and  concentrated  as  indicated  above. 

These  considerations  may  perhaps  have  an  application  beyond 
this  immediate  region.  The  waters  so  enriched,  drifting  away  to  the 
eastward  through  the  open  mouth  of  the  basin,  might  furnish  an 
essential  condition  of  metallic  deposition  in  that  region,  and  may 
account  for  the  cupriferous  enrichment  of  the  sedimentary  strata 
there,  so  far  as  not  attributable  to  similiar  igneous  sources  indige- 
nous to  that  area.  It  is  a  well  known  fact  that  cupriferous  rocks 
prevail  to  the  eastward  in  Canada.  It  remains  to  be  proven,  how- 
ever, that  they  belong  to  this  particular  horizon,  though  the  present 
evidence  favors  this  view. 

The  essential  features  of  the  view  here  maintained  are,  therefore, 
these:  (1)  That  the  metals,  copper  and  silver,  were  primitively  con- 
stituents of  the  rocks  that  were  melted  to  produce  the  lavas  that 
formed  the  trappean  sheets  of  the  formation,  and  (2)  that  they  were 
brought  up,  and  spread  out,  commingled  with  the  molten  rock- 
material,  (3)  that  they  were  chemically  extracted  thence  by  perco- 
lating waters  and  concentrated  in  the  porous  belts  or  fissures  of  the 
formation,  giving  rise  to  the  exceptionally  rich  deposits  for  which 
the  formation  is  famous,  and  (4)  that  the  surface  disintegration  of 
portions  exposed  in  the  latter  part  of  the  period  yielded  metalUo 
ingredients  to  the  adjacent  sea,  from  whence  they  were  extracted 
by  organic  agencies,  giving  rise  to  impregnated  sediments,  which 
in  turn,  through  subsequent  concentrations,  gave  rise  to  other 
copper  and  silver  deposits,  among  which  are  to  be  reckoned  the 
later  metallic  horizons  of  the  Lake  Superior  region,  and  possibly 
some  elsewhere.^ 

iFor  a  detaUed  discussion  of  the  methods  of  metallic  precipitation  from 
oceanic  water  and  of  subsequent  concentration,  reference  may  be  made  to  a 
discussion  of  the  Ore  Deposits  of  Southwestern  Wisconsin^  in  Volume  IV,  which, 
with  some  modifications,  is  applicable  to  other  metals  and  formations  than  those 
there  considered. 
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Geographt  at  the  Close  of  the  Keweexawan  Period. 

At  the  close  of  the  Laarentian  elevation  the  land  had  gained  and 
the  sea  lost  large  areas  in  our  northern  region.  During  the  period 
of  Huronian  sedimentation  the  land  was  reduced  both  by  wear  and 
subsidence  of  its  border.  Its  outline,  in  part,  at  the  close  may  be 
recalled  by  reference  to  plate  lY. 

The  prolonged  Huronian  and  Keweenawan  elevation  forced  the 
sea  to  again  retire,  and  the  land  again  extended  itself.  How  far 
the  waters  receded  cannot  now  be  determined  with  even  moderate  ap- 
proximation. It  is  not  improbable  that  the  entire  area  of  the  State 
was  lifted  above  the  ocean  level,  and  became  a  part  of  the  Huronian 
continent,  which  probably  had  a  form  and  outline  similar  to  that  of 
the  earlier  Laurentian  land,  but  was  broader  and  more  confluent  in 
outline. 

Interval  Between  Keweenawan  Elevation  and  Potsdam  Sedimen- 
tation. 

As  soon  as  the  foregoing  elevation  had  lifted  the  region  from  the 
sea,  arching  it  upward  into  lofty  land,  a  fresh  impetus  was  given  to 
the  old-time,  never-ending  process  of  land-wearing  and  sea-filling. 
The  rains,  and  the  agencies  which  they  called  into  'action,  softened, 
dissolved,  and  abraded  the  surface,  and  bore  the  resulting  material 
down  to  the  sea  to  fill  its  bed,  and,  to  that  extent,  to  lift  its  surface. 
The  sea  on  its  part  ground  away  at  the  borders  of  the  land,  wearing 
back  the  shore  line  little  by  little  through  the  lapse  of  the  ages. 
These  general  facts  are  certain,  but  for  a  long  period  following  the 
Keweenawan  elevation,  durino;  which  the  sea  was  slowlv  read  vane- 
ing  from  the  distance  to  which  it  had  retired,  and  before  it  again 
reached  our  borders,  there  is,  in  the  interior,  no  definite  record  of 
geological  events,  for  the  deposits  are  concealed.  TVhat  were  the 
special  details  of  that  long  history  we  may  never  know  from  any 
evidence  found  in  the  interior  of  our  continent.  On  the  Atlantic 
border  of  New  England  and  the  Provinces,  the  formation  known  as 
Acadian  represents  a  part  at  least  of  the  work  of  the  interval  — 
how  great  a  part  has  not  yet  been  determined.  Quite  possibly  the 
lower  Cambrian  formations  of  Great  Britain  and  Bohemia  bridge 
the  entire  interval. 

In  these  foreign  formations  appear  the  first  well-pres3rved  and 
undisputed  organic  forms.  Reasons  have  been  given  for  believing 
that  abundant  life  existed  earlier,  but,  leaving  out  of  consideration  the 
contested  Eozoon  Canadense  and  some  other  problematical  remains, 
its  forms  are  not  definitely  known  to  us.    While  the  sea  was  with- 
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drawn  from  our  shores  after  the  Keweena wan  elevation,  a  somewhat 
abundant  and  interesting  group  of  plants  and  animals  were  living, 
dying,  and  being  buried  and  fossilized  on  the  Atlantic  border,  and  in 
the  foreign  localities  named,  as  well  as  elsewhere,  indeed  in  all  prob- 
ability quite  generally  throughout  the  ocean's  borders,  though  the 
deposits  have  not  been  revealed  to  us.  As  tliese  hfe  forms  do  not 
differ  in  those  general  features  which  alone  can  be  considered  here, 
from  those  which  first  appeared  in  our  own  region,  they  will  only  be 
considered  in  connection  with  them. 

The  introduction  of  these  distinctly  preserved  forms  of  ancient 
life  fnarks  the  dawn  of  the  Palaeozoic  era.  It  was  the  opening  of  a 
new  and  easier  and  fuller  chapter  of  geological  history.  Not  only 
are  the  physical  and  chemical  records  better  preserved,  but  the  life- 
remains  add  their  testimony  and  tell  of  the  progress  of  biological 
events.  "We  shall  be  able  to  read  the  lithographed  story  with 
greater  ease  and  interest. 

This  greater  fullness  and  legibility  of  the  record  will  naturally 
lead  to  a  more  detailed  study.  In  standard  works  on  geology,  it  is 
customary  to  dismiss  all  that  precedes  this  era  with  a  few  pages  de- 
voted to  the  Laurentian  and  Huronian  periods.  In  some,  indeed, 
the  latter  age  is  not  even  separately  recognized.  Where  best  con- 
sidered, these  divisions  are  ranked  Bsperiod^y  and  thus  placed  in  the 
category  of  formations  that  often  measure  fewer  hundreds  of  feet 
than  these  do  thousands.  Even  in  the  more  extended  views  pre- 
sented in  this  sketch,  relative  injustice  is  done  the  earlier  eras.  In 
discussing  the  Laurentian,  measuring  as  it  does  accumulations  many 
thousands  of  feet  in  thickness,  we  only  considered  it  as  a  whole, 
making  no  attempt  at  even  an  enumeration  of  the  subordinate 
periods  of  deposition  that  marked  its  history.  Even  in  describing 
the  Huronian  system,  we  barely  enumerated  the  successive  thick 
deposits,  though  they  embrace  rich  and  varied  accumulations  of 
ore,  carbon,  and  lime,  besides  common  detritus.  Were  these  un- 
modified members  of  the  later  systems,  they  would  doubtless  be 
ranked  as  important  periods,  and  the  whole  Huronian  system  would 
be  graded  as  the  equivalent  of  the  Devonian  age,  or,  perhaps,  of  the 
Mesozoic  era.  Our  justification,  in  common  with  others,  is  the  ob- 
scurity and  complexity  which  the  contortion  and  metamorphism  of 
the  series  have  produced,  and  the  consequent  imperfection  of  our 
knowledge  of  details.  But  while  this  justifies  meagerness  and  gen- 
erality of  description,  it  does  not  sanction  a  bedwarfing  of  the 
extent  and  importance  of  these  early  eras.  They  embrace,  in  our 
estimation,  more  than  one-half  of  the  sedimentation  of  geological 
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history,  and,  as  we  shall  have  occasion  to  remark  presently,  at  least 
half  of  the  life-history  of  the  globe,  if  measured  by  the  physiolog- 
ical results  attained. 

The  reader  seeking  a  just  comparative  estimate  of  the  enact- 
ments of  the  ages,  will  do  well  to  bear  these  suggestions  in  mind,  as 
we  descend  more  into  detail  in  following  the  progress  of  events, 
and  thereby  seem  to  relatively  magnify  the  importance  of  forma- 
tions whose  rich  organic  contents  make  them  relatively  more  inter- 
esting to  us. 


PALiEOZOIC  ERA. 


CHAPTER  YIL 

CAMBEIAN  AGE— POTSDAM  PERIOD. 

The  Potsdam  period  of  TVisconsin  embraces  the  epoch  of  the 
Potsdam  sandstone,  and  of  the  Lower  Magnesian  limestone.  It 
perhaps  should  also  include  the  St.  Peters  sandstone,  which  may 
have  been  formed,  in  part  at  least,  by  the  retiring  seas  of  the  Pots- 
dam period.    The  group  would  then  stand : 

1st.  Peters  Epoch  (in  part). 
Lower  Magnesian  Epoch. 
Potsdam  Epoch. 

Potsdam  Epoch. 

Fia.  9.  Synopsis  of  Characters,    Name  derived  from 

Potsdam,  New  York.    Epoch  one  of  sandstone 
accumulation.   Rocks  mainly  light-colored  sand- 
stone in  Central  and  Southern  Wiscondin,  and 
Section  fflustrating  th©  relations    red  sandstone  in  the  L^e  Superior  region,  but 
of  the  Potsdam  sandstone  (P.)  to  the    embrace   some  beds  of    limestone  and  shale. 

underlying  ArchaanfonnaUonsU.).     Maximum    known  thickness  about   1,000  feet 
and  the  overlying  Lower  Magnesian     ^      .    -  i?       -i   m_'i   i -i.  j   t«         i   -j 

Limestone  (I,  3fa)  Contains  many  fossil  Trilobites  and  Linguloid 

Brachiopods,  with  some  other  forms. 
For  details,  see  Vol.  U,  pp.  257-267  (Cliamberlin),  525-547  and  563-607  (IrWng), 
668-671  (Strong);  Vol.  in,  pp.  15-25  and  207-210  (Irving),  340-347  and  850-852 
(Sweet),  SOS-SP''  (Chamberlin),  415-419  and  427^28  (Strong);  Vol.  IV,  pp.  88-64 
(Strong),  lOa-123  (Wooster),  169-193  and  341-345  (Fossils,  Whitfield),  518-520 
(Chamberlin;.    For  area  occupied  by  Potsdam  sandstone,  see  atlas. 

Oeography,  To  picture  the  geographical  circumstances  that  at- 
tended the  commencement  of  the  Potsdam  formation,  the  earhest 
Wisconsin  member  of  the  Palaeozoic  series,  conceive  the  whole  or 
the  greater  portion  of  our  State  to  be  above  the  sea,  and  to  be  at- 
tached to  the  Archaean  continent  lying  to  the  northward,  forming 
one  of  its  southward-projecting  promontories.  The  sea  lay  to  the 
southward,  and  during  the  period  gradually  advanced  upon  the  land. 
At  a  very  early  stage  it  crept  up  through  the  basin  of  the  lower 
peninsula  of  Michigan,  and  entered  the  depression  of  Lake  Superior. 
At  the  same  time  it  appears  to  have  advanced  through  the  stratigraph- 
ical  basin  lying  beneath  Iowa  and  southern  Minnesota,  and  reached 
well  to  the  northward  on  that  side,  partially  surrounding  the  Ar- 


120  GENERAL  GEOLOGY. 

chaBan  heights  of  Northern  Wisconsin,  forming  a  peninsula,  con- 
nected with  the  mainland  only  by  an  isthmus  in  the  upper  St.  Croix 
region.  This  stage  was  apparently  reached  at  about  the  middle  of 
the  period.  During  the  later  part,  the  sea  continued  its  advance, 
reducing  the  peninsula  and  narrowing  the  isthmus.  It  is  a  matter 
of  some  difference  of  opinion  whether  or  not  by  the  close  of  the 
period  the  neck  of  land  was  entirely  severed,  making  the  peninsula 
an  island.  In  the  judgment  of  the  writer,  the  sea  crossed  the  neck, 
cutting  off  the  Archaean  heights,  and  reproducing  the  Island  of  Wis- 
consin. If  this  view  be  correct,  the  water  swept  entirely  around  the 
old  granite  highlands,  submerging  three-fourths  or  more  of  the 
State,  but  leaving  reefs  and  islets  formed  of  resistant  portions  of 
the  Huronian  rocks,  lying  off  the  southern  shore  of  the  main  island 
in  Central  "Wisconsin. 

Character  of  ike  Deposit.  The  Potsdam  epoch  was  characterized 
by  great  sandstone  accumulation.  Remembering  that  the  rocks  of  • 
the  adjacent  land  were  quartzites,  gneisses  (foliaiedfel-qiLarmi)^  gran- 
ites (felrqua^mi)^  syenites  (fd-qua-horn)^  and  crystalline  schists,  this 
appears  but  a  natural  result.  The  quartzites  could  yield  little  but 
quartzose  detritus.  The  granites,  gneisses,  mica  schists  and  syenites, 
by  the  disintegration  of  their  feldspar,  mica,  hornblende  and  similar 
silicates,  yielded  mainly  a  clayey  product,  while  their  hard  quartz 
particles  were  left  as  angular  sand.  The  waves  assorted  these  prod- 
ucts, washing  out  and  carrying  back  into  the  stiller  depths  the  fine 
material,  while  the  sand  was  strewn  along  the  shore  and  over  the 
wide,  shallow  sea-bottom  adjoining.  The  angular  quartz  grains  were 
rolled  to  and  fro,  and  rounded  in  various  degrees,  until  at  length 
they  found  rest  in  burial  in  the  accumulating  beds. 

If  this  sand  be  examined  under  the  microscope,  its  grains  will  not 
appear  as  the  little  spheres  we  are  wont  to  think  them,  but  as  irreg- 
ular, angular  particles  of  quartz,  more  or  less  rounded  by  wear. 
Their  angularity  is  due  to  the  fact  that  in  the  crystallization  of  the 
parent  granitic  rock,  the  feldspar  and  mica  mainly  took  form  first, 
while  the  quartz  was  left  to  fill  the  interspaces  between  them,  and 
was  thus  forced  to  assume  varying,  irregular,  angular  outlines.  Oc- 
casionally, where  greater  freedom  of  formation  was  afforded,  the 
quartz  assumed  its  own  proper  crystalline  form,  so  that  some  of  the 
sand  particles  present  the  appropriate  outline  of  quartz  crystals. 
But  this  is  the  exception,  rather  than  the  rule.* 

*  Secondary  crystals  of  quartz  and  crystalline  attachments  and  envelopments 
of  grains  were  afterwards  sometimes  formed  in  the  sandstone.  See  note  of  Rev. 
A.  A.  Young,  of  New  Lisbon,  in  Am.  Jour.  Sci.,  April,  1882;  also  fuUer  article 
in  July  No, 
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In  addition  to  the  quartz  grains,  some  of  feldspar,  hornblende  and 
other  minerals  are  occasionally  present,  having  escaped  the  com- 
plete reduction  which  those  minerals  [usually  suffered.  Scales 
of  mica  and  other  foliated  minerals  frequently  occur.  These  acces- 
sories are  more  common  near  what  was  the  ancient  shore  line,  where 
they  were  buried  before  their  complete  destruction  was  effected  by 
the  action  of  the  waves. 

Irregvla/r  Wear^  FormaUon  of  Islamds.  The  advancing  sea  met 
with  unequal  resistance.  The  hard  quartzites  and  quartz-porphyries 
opposed  it  with  some  success,  while  the  softer  schists,  and  decom- 
posable granites,  yielded  more  easily.  The  result  was,  first,  irregu- 
larities of  coast  outline,  then  islands,  and,  at  length,  submerged 
reefs.  Some  of  the  quartzites  and  quartz-porphyries  of  Central 
Wisconsin  resisted  to  the  close  of  the  period,  and  stood  as  islands  in 
the  Potsdam  seas.  Among  these  were  the  quartzite  domes  of  the 
Baraboo  and  Portland  regions,  the  quartz-porphyry  knob  —  Pine 
Bluff  —  in  Green  Lake  county,  and  probably  others  of  the  isolated 
Archsean  peaks  of  Central  Wisconsin.  Against  these  islands  the 
ocean  waves  beat  with  great  violence,  undermining  and  throwing 
down  from  the  cliffs  fragments,  and  sometimes  even  large  masses  of 
rock,  which  were  then  rolled  by  the  breakers  and  ground  by  the 
sand  into  bowlders  and  pebbles,  and  at  length  buried,  forming  the 
belts  of  coarse  conglomerate  that  encircle  these  islands. 

Succession  of  Beds.  On  the  southern  side  of  the  Archaean  island, 
the  lower  part  of  the  formation  usually  consists  of  coarse  quartzose 
sand,  of  an  exceedingly  open,  porous  nature,  with  but  little  alumi- 
nous, or  ferruginous,  and  almost  no  calcareous  matter.  Higher  in 
the  series,  the  sandstone  becomes  finer-grained  and  the  accessory 
substances  named  more  abundant.  Somewhat  above  the  middle  of 
the  series  a  stratum  of  shale  occurs,  attaining  a  known  thickness  of 
80  feet.  This  is  not  everywhere  present,  and  seems  to  be  mainly 
developed  at  some  distance  from  the  ancient  shore-line.  It  appears 
to  indicate  that  for  a  time  there  was  a  deepening  of  the  waters,  ad- 
mitting of  the  accumulation  of  fine  sediment,  except  near  the  shore, 
where  the  deposit  of  sand  continued.  Above  the  shale,  sandstone, 
reaching  a  thickness  of  150  feet,  is  again  found.  This  is  medium  or 
coarse-grained,  And  slightly  calcareous.  It,  in  turn,  is  overlain  by  a 
deposit  of  associated  shale  and  limestone  (the  Mendota  limeatoiie), 
which  attains  a  thickness  of  35  feet  in  the  vicinity  of  the  lake  from 
which  it  derives  its  name.  These  beds  indicate  a  modification  of 
the  conditions  of  deposition,  such  as  to  permit  not  only  the  settling 
of  fine  sediment,  but  the  accumulation  of  calcareous  mud  as  well 
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The  latter  was  doubtles  derived  from  the  calcareous  remains  of 
life,  since  the  sea  then  swarmed  with  living  organisms  whose  shells 
and  skeletons  are  found  entombed  in  the  strata.  The  frequency  of 
broken  and  worn  fragments  implies  that  the  greater  portion  were 
ground  to  powder,  forming  the  calcareous  flour  that  subsequently 
hardened  into  limestone.  These  beds  appear  to  point  quite  surely 
to  a  moderate  deepening  of  the  waters. 

O verlyi^jg  this  impure  limestone  is  a  third  and  thinner  bed  of  sand- 
stone (the  Madison  J  with  which  the  Potsdam  series  closes.  This,  on 
the  whole,  is  finer-grained  than  that  below,  and  is  bound  more  firmly 
together  by  cementing  material,  which  is  mainly  a  calcareous  and 
ferruginous  infiltration.     The  thickness  of  this  bed  is  about  30  feet. 

The  foregoing  may  be  taken  as  a  fair  type  of  the  succession  of 
the  Potsdam  series,  as  developed  on  the  southern  side  of  the 
Archaean  area.  (That  on  the  north,  in  the  Lake  Superior  basin,  is 
reserved  for  separate  consideration  a  little  later.)  In  some  regions 
there  are  local  modifications  arising  from  the  absence  of  some  of 
these  beds  or  from  the  introduction  of  additional  shaly  or  calcare- 
ous layers,  or  from  the  substitution  of  one  kind  of  rock  for  another. 
The  variations  are  particularly  characteristic  of  the  upper  Missis- 
sippi and  St.  Croix  regions.  There,  also,  in  addition  to  the  varia- 
tions mentioned,  greensand  (glauconite)  abounds  in  certain  hori- 
zons.    It  also  occurs  elsewhere,  but  less  abundantlv. 

Lake  Superior  Sandstone,  The  sandstones  on  the  southern  side  of 
the  Archaean  island  are  light-colored,  being  mainly  yellow  or  white, 
varying  locally  to^pink,  brown  and  green.  They  are  nowhere  bodily 
dark.  An  easy  explanation  of  this  is  found  in  the  fact  that  they 
were  derived  from  the  light-colored  quartzose  and  granitic  rocks  of 
the  southern  face  of  the  land.  But  passing  around  to  the  Lake  Su- 
perior basin  on  the  northern  side  of  the  island,  where  erosion  preyed 
upon  the  iron-bearing  members  of  the  Humnian  series,  and  more 
especially  upon  the  traps,  sandstones  and  shales  of  the  copper-bear- 
ing series,  the  resulting  beds  are  not  only  reddish  brown  in  color, 
but  contain  a  notable  ingredient  of  iron  and  of  shaly  material  de- 
rived from  those  formations.  Indeed  the  deposit  beai^s  a  very  close 
external  resemblance  to  the  sandstones  of  the  Keweenawan  series, 
and  the  two  have  been  considered  as  identical  by  able  geologists. 

Concerning  the  distinctness  of  the  two  formations,  we  entertain 
no  doubtful  opinion.  The  Potsdam  sandstone  is  habitually  horizon- 
tal, while  the  Keweenawan  is  tilted,  indicating  that  the  latter  par- 
took of  a  general  stratigraphical  movement,  which  did  not  affect 
the  former,  which,  considering  the  attendant  circumstances,  is  equiv- 
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alent  to  saying  that  the  horizontal  sandstones  were  not  then  in  ex- 
istence. The  observations  of  Mr.  Sweet  in  Douglas  county  are  further 
proof  of  this.^  The  Potsdam  sandstone  there  abuts  unconformably 
against  the  Keweenawan  traps,  and  contains  pebbles  derived  from 
them,  showing  not  only  that  they  were  earlier  formed,  but  that  they 
were  tilted  and  extensively  eroded  at  the  time  the  horizontal  sand- 
stones were  formed.  The  local  disturbance  of  the  latter  does  not 
vitiate  the  force  of  the  evidence  when  critically  considered.  Simi- 
lar phenomena  are  presented  along  the  southeastern  face  of  the 
promontory  of  Keweenaw  Point.' 

Beside  these  stratigraphical  evidences  of  distinctness,  the  micro- 
scopical observations  of  Prof.  Irving,  and  the  chemical  analyses  of 
Mr.  Sweet,  show  an  important  constitutional  distinction  between 
them.*  Whereas  the  Keweenawan  sandstones  are  largely  non- 
quartzose,  the  horizontal  beds  are  highly  quartziferous. 

As  the  latter  are  traced  eastward  along  the  south  shore  of  Lake 
Superior,  they  are  found,  according  to  Dr.  Rominger,  to  be  inter- 
stratified  with,  and  graduated  into,  the  light-colored  sandstones  which 
prevail  in  the  eastern  portion  of  the  upper  peninsula  of  Michigan, 
and  which  are  traceable  into  direct  continuity  with  the  light-colored 
sandstones  of  Wisconsin.  The  same  geologist  (as  also  Foster  and 
Whitney)  is  authority  for  the  statement  that  in  the  Keweenaw  valley, 
Silurian  limestone  overlies  this  sandstone. 

The  southern  light-colored  sandstones,  like  their  northern  equiva- 
lents, abut  unconformably  against  eroded  cUffs  of  Keweenawan  rock. 
At  St.  Croix  Falls,  light-colored  Potsdam  sandstone  containing 
characteristic  fossils  reposes  unconformably  upon  and  against  Kewee- 
nawan cliffs,  and  occupies  depressions  and  valleys  formed  through 
its  erosion.  Conglomerates  derived  from  it  mark  the  junction  of 
the  two  formations,  and  contain  Potsdam  fossils.  Hand  specimens 
may  be  obtained,  having  Keweenawan  rock  for  one  side  and  Pots- 
dam sandstone  containing  shells  of  Lingulepis  pinnaformia^  for  the 
other.  The  phenomena  absolutely  forbid  any  explanation  based  on 
faulting  or  intrusion. 

iGeol.  Surv.  Wis.,  Vol.  in,  pp.  340-347;  also  350-352. 

2  This  has  recently  been  denied  by  Dr.  M.  E.  Wadsworth,  but  more  recent  ex- 
amination by  experienced  observers  shows  his  discussion  of  the  subject  to  be 
more  pronunciative  than  trustworthy.  Bulletin  of  the  Museum  of  Comparative 
Zoology,  at  Harvard  College,  Geol.  Series,  Vol.  I.  The  facts  in  detail  as  deter- 
mined by  the  later  observations  will  be  found  in  Prof.  Irving's  forthcoming 
report  on  the  Copper-bearing  series. 

'YoL  in,  pp.  15  and  350,  and  microsoopica}  plate  ^IZ  A. 


124  GENERAL  GEOLOGY. 

North  of  St.  Croix  Falls,  the  same  strata,  sustaining  a  like  strati- 
graphical  relationship  (though  not  seen  in  actual  unconformable 
contact),  may  be  traced  more  than  half  way  across  the  Keweenawan 
series.  Passing  the  remainder  of  the  interval  to  Lake  Superior, 
the  horizontal  red  sandstones  are  found  abutting,  in  similar  uncon- 
formable contact,  against  the  eroded  Keweenawan  series,  as  above 

Fig.  10. 


SBcmov  FROM  St.  Croix  Fallb  to  Lakx  SupratioB,  fllustratiiig  the  relations  of  the  FoladAm 
sandfltone  to  the  Keweemawiui  igneoua  and  detrital  beds.  P.  P.  P.  Potsdam  sandstone.  K.  K. 
Keweenawan  series.    L,  8,  Lake  Superior. 

stated.  The  accompanying  section  illustrates  the  general  relation- 
ship, but  only  a  careful  study  of  the  details  can  make  clear  the  full 
force  of  the  evidence. 

"When  to  these  considerations  there  are  added  others  less  suscepti- 
ble of  brief  statement — to  which  we  are  here  confined  —  it  appears 
that  the  distinctness  of  the  horizontal  Lake  Superior  sandstone 
from  that  of  the  Keweenawan  svstem,  and  the  correctness  of  its 
reference  to  the  Potsdam  series,  is  sustained  by  a  weight  of  evidence 
that  would  not  be  seriously  questioned,  but  for  complications  with 
what  we  deem  the  misinterpretations  of  other  geological  features  of 
the  Lake  Superior  region.  The  modifications  which  the  formation 
assumes  in  that  region  are  precisely  those  which  its  method  of  deri- 
vation demands. 

Life  of  the  Epoch.  The  Potsdam  epoch  marks  the  introduction 
of  an  interesting  phase  of  the  geology  of  the  interior.  "While  in  the 
earlier  strata  the  presence  of  carbonaceous  beds,  limestone,  and  ore 
deposits,  furnishes  sufficient  indirect  evidence  of  the  existence  of  life 
to  warrant  a  rational  helief  in  its  presence,  and  while  theoretical 
considerations,  arising  from  prevalent  views  of  the  development  of 
life-history,  point  to  the  same  presumption,  and  while,  further, 
strata  that  are  somewhat  older  than  those  under  consideration  con- 
tain well-preserved  fossils,  yet,  in  the  interior  region,  the  Potsdam 
beds  are  the  first  that  have  yet  been  found  to  contain  distinct  and 
well-preserved  relics  of  ancient  life.  In  this  sense,  the  Potsdam  epoch 
introduces  us  to  the  life-history  of  the  interior  basin,  and  almost 
to  the  known  life-history  of  the  globe,  since  the  few  earlier  known 
forms  were  mainly  of  essentially  the  same  tjrpes.  The  character- 
istics of  these  primordial  forms  of  life  become,  therefore,  a  subject 
of  peculiar  interest. 
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Plantt.  The  fossils  give  evideace  of  the  preseace  of  both  animal 
and  vegetable  life.  Of  the  former,  the  only  determinable  forms  are 
regarded  as  seaweeds.  No  remains  of  higher  or  lower  forms  are 
found.  It  is  reasonable  enough  to  suppose  that  other  kinds  may 
have  existed,  since  succulent,  perishable  plants  would  be  little  likely 
to  leave  permanent  traces  of  their  existence.  From  theoretical 
considerations,  it  is  quite  generally  believed  that  such  unrecorded 
types  existed,  representing  the  lower  forms  of  vegetable  life.  It  is 
not  impossible  that  there  were  higher  forms,  but  of  this  there  is  less 
inherent  probability,  since  the  higher  vegetable  species  usually 
possess  firmer  tissue,  and  hence  are  better  subjects  for  preservation. 

There  is  no  direct  evidence  of  land  plants.  It  may  not  be  safe 
to  assert  their  absence,  however.  The  great  iron-ore  beds  find  their 
easiest  explanation  in  the  supposition  of  land  vegetation,  and  the 
carbonaceous  shales,  from  their  analogy  to  later  coal  deposits,  nat- 
urally suggest  marsh  vegetation. 

If  the  land  of  the  earlier  periods  was  bare,  or  scantily  clothed 
with  vegetation,  this  circumstance  must  be  considered  m  estimating 
the  character  and  rate  of  denudatiou.  It  is  manifest  that  the  absence 
of  vegetation  would  greatly  facilitate  the  washing  away  of  disinte- 
grated superficial  material,  and  would  swell  the  torrential  effects, 
since  a  function  of  the  vegetable  clothing  is  both  to  protect  the  soil 


PU.SOPHTCDII  pLDii(AD9.  ft  suppOBed  mulne  plant. 

and  to  retard  violent  drainage.  The  nakedness  of  the  land  pro- 
moted its  degradation,  and  correspondingly  hastened  deposition  in 
the  sea. 

Special  Plant  Forma.     The  supposed  fossil  plants  consist  of  an 
nndetermmed  species  of  Pal<Eocordia,  one  of  Oruziaiut,  four  deter- 
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mined  species  of  PalcBOphycus,  viz.:  P.  duplex,  P.  plutnosus,  P. 
awiplex,  and  P.  tvhularis,  with  one  undetermined  species.  These 
consist  mainly  of  obscure  cylindrical  casts  that  indicate  very  little 
of  the  character  of  their  originals,  and  even  their  reference  to  plants 
has  been  questioned.  In  placing  them  here  we  have  adopted  what 
seems  to  be  the  best  sustained  view. 

Special  Forms  of  Animal  Life.  "  Radiates"  That  strange  group 
of  plant-like  animal  forms,  the  graptoliiss,  was  represented  by  Den- 
doyrapttis  B(dlianus.  Of  corals,  so  abundant  in  the  following  ages, 
we  have  found  in  Wisconsin  no  representatives,  which  is  perhaps 
not  strange  in  view  of  the  prevailing  sandiness  of  the  sea-bottom. 
Crinoids,  the  "  stone  lilies  "  of  the  sea,  have  not  been  found  within 
our  State,  but  the  fact  that  their  stems  occur  at  La  Grange,  Minne- 
sota, leads  to  the  hope  that  they  may  yet  ba.  found  within  our 
borders. 

Fio  13. 


»  Theca  primordliills  — 


MoUuska  The  univalve  tj  pe  of  MoUusks  was  fairh  represented 
by  the  following  Gasteropods  Paf-a'amuea  Irmn /i  Platyeeras 
primordialis,  Euomphalus  vaiioinus,  OpkiUia  priinordialia,  Holopea 
Sxceeii,  and  Pleurotomaria  advena;  by  the  Heteropod,  BeU^rophon 
aniiriuatus;  and  by  the  Pteropod,  Hijolitkes  prhjuirdialis.  These 
show  that  this  group,  though  it  has  not  left  very  abundant  remains, 
was  represented  even  in  that  early  age  by  quite  divergent  forms. 


CAMBRIAN  AGE  — POTSDAM  PERIOD. 


127 


Brachiopods.  Of  the  true  bivalve  MoUusks,  the  Laiuellibranchs, 
no  remains  have  yet  been  found  in  this  region,  but  the  Brachiopods, 
which  closely  resemble  them  as  fossils,  though  they  are  structurally 
iillied  to  the  worms,  are  abundantly  represented  by  Lingula  ampla, 
L.  Mosia,  L.  Winona,  LingvieUa  aurora,  L.  Sloneana,  Zingulejna 
pinmiformis,  l>iiiclna  inulilia,  Ololella  polita,  Orthis  Pepina,  Lap- 
tmia  JBarahtemia,  and  Triplesia  primordlalis.  The  linguloid  shells 
of  the  group  were  phosphatic,  a.  circumstance  which  favored  their 
preservation,  while  shells  of  simple  lime  carbonate,  as  those  of  the 


p^^^CRACH 

loi'c.DS.    a.  Linsiili-llaStoiiPttna— Wl 

hitC.    h.  Ling>i1aanti(|ua~Coiimd.    o.  LIb' 

euteI!«»orora-n. 

d.  L.  ampltt-IInll.    <:  l.MoBta- 

-Hall.   /.  Ungulepis  plnnaformis— Owen, 

Q.  Shorter  valve 

oC  same.    ^.  Obolella  poUta-IIall, 

i.  Dorsal  valve  ur  OnWa  Pepiaa-Hall, 

B»mf,    IB.  Triplet 

Orthida;,  were  dissolved  away,  and  only  their  casts  remain.  The 
genera  Lingnln  and  Disctna  hare  representatives  in  tiie  present  seas, 
having  lived  through  all  the  vicissitudes  of  the  Post-Potsdam  ages. 
Tbej'  stand  as  remarkable  instances  of  organic  stability  amid  the 
prevalent  mutations  that  mark  the  iife-liistory  of  subsequent  eras. 

Cephalopoda.  Of  the  Cephalopod  type  which  attained  such  im- 
portance in  the  Trenton  period  closely  following,  no  representatives 
have  been  found  in  our  StaUs,  though  two  species  are  reported  from 
the  Potsdam  of  Canada,  indicating  that  the  type  had  its  represent- 
atives in  the  primordial  seas. 

Annelids.  Worms  of  the  Annelid  class  were  abundant  in  num- 
bers, though  the  known  s])ecies  are  few.  The  vertical  borings,  com- 
monly called  Scolithua,  but  now  referred  by  Prof.  Whitlield  to 
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Arenicolites,  occur  plentifully  in  various  parts  of  the  lormatioD.' 
Some  doubt  as  to  the  true  nature  of  these  has  heretofore  existed, 
but  Mr.  J.  W.  Wood,  of  Baraboo,  has  beea  fortunate  enough  to  find 
specimens  which,  in  the  hands  of  Prof.  Whitfield,  have  thrown  much 
light  upon  their  character,  and  satisfactorily  demonstrated  that  the 
tubes  were  formed  by  marine  worms. 


le  present  ng  a  natuml  surface  ahowiDg  Oi 
nf  the  ann  \A  A  n  en  tei  Wood  b  B  ock  of  P  sdnn 
looaof  Arentcolita  H-oodi.also  ttio  Boml-luziar  perforH' 
«  bide  of  atHiDdaaeil  borings  Id  tormkig  iiew  adjacent 


Trilobitiis.  But  by  far  the  mnst  numerous  and  interesting  life- 
forms  of  the  period  were  the  Trilobites.  Fifty  species  have  been 
identified,  and  obscure  fragmentary  representatives  of  others  found. 
No  other  State  lias  furnished  an  equal  number  of  these  interesting 
fossils.  This  is  about  half  the  entire  number  known  from  American 
rocks,  indicating  an  exceptional  richness  in  these  remarkable  forms. 
These  Trilobites,  being  articulated  animals,  usually  suffered  disjoint- 
ing before  final  burial  and  fossilization,  so  that  complete  specimens 
are  extremely  rare  in  our  formations,  the  fossils  usually  consisting 
of  the  disjointed  and  often  broken  members.     The  accompanying 


1  In  Vol.  II,  the  geDoric  name  Scoliihus  is  used  in  accordaoce  with  prevalent 
usage,  butnowthntthe  annelidan  character  of  the  fossil  is  determined,  the  refer 
ence  to  ATenicolilea  is  preferable. 
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figures  represent  the  least  fragmentary  condition  in  which  they  are 
commonly  found.  Mr.  E.  E.  Stone,  of  Prairie  du  Sac,  has,  however, 
recently  been  fortunate  enoogh  to  find  nearly  complete  epeci- 
mens  of  the  largest  and  leading  genus,  DiceU^a^halus, 


uul  cliAnet«ilgtla  Pataclam  Trfloblle. 


Figure  15  is  a  representative  of  one  of  these  (lateral  spines  re- 
stored and  somewhat  too  large  in  figure),  which  will  serve  at  once 
to  represent  the  form  of  the  animal  and  the  articulate  parts  of 
which  it  is  composed,  and  into  which  it  is  usually  separated  before 
foasilization.  The  head  portion  (cephalic  shield)  is  usually  disjointed 
into  three  members,  the  central  piece  (the  glabella  and  flzed  cheeks), 
and  two  side  pieces  (the  movable  cheeks).  The  Body  consisted 
of  twelve  thoracic  segments  which  are  usually  separated  from 
each  other  in  fossil  izati on.  This  portion  best  shows  the  three-lobed 
character  of  the  animal  which  gives  it  its  name.  The  posterior  por- 
tion of  the  animal  consisted  of  a  single  solid  piece  (the  caudal  shield 
or  pygidium),  which  is  one  of  the  commoner  parts  preserved.  These 
parts  represent  the  back  of  the  Trilobite. 

The  under  parts  are  rarely  found,  even  in  formations  much  more 
Vol.  I— 9 
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favorable  to  preservation  than  the  one  ander  consideration.    The 

character  of  their  oi^ns  of  looomotion  has  long  been  a  subject  of 

Fia.  IS. 


FonuM  TBtLOHiro.  a.  DIcelloceiAaJiu  Lodeuili  —  WMtf.  b.  Olabella  uidnxed  cheeki'd 
auiw.  c.  D,  Fepinemto  —  HkU;  restored  head  (ram  utiml  ■peclmena.  d.  aod  e.  Tboraclo  atf 
menta  or  B&me  Bpeolps.  from  ditterent  parta  of  the  baiy.  f.  Fj-gldluni  o(  same  Bpeeles.  p.  Ag- 
lagpls  Ealoni— Whiif.  ft.  Chflrlooephaliis  Whitfleldi  —  Hall ;  restored  head  from  actual  aped- 
msns  of  oheoke  nint  glBl)Blla.  t  Pygldlum  of  Arionelliu  conreiiia  —  Whltr,  j.  llovable  cheek  ol 
Ptycbaapis  mlnwi-L  —  Wbltf.  k.  Glabella  and  flxed  cheeks  ol  same  speciea.  I.  Olabella  ol 
nueaimu  quadiatus  -  llall,  m.  and  n.  Cheeks  ol  different  IndlviduaU  of  same  apeclei.  o.  Tho- 
racio  lesment  of  wme  ipeclet.  p.  Frgldln-ii  of  nune  speclea.  g.  P^ldlum  of  Creplcepbolua 
Olbbd-Whltf. 
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diversity  of  opinion.  The  recent  investigations  of  Mr.  C.  1).  "Wal- 
cott,  of  New  York,  have  shown  that  they  at  least  possessed  delicate 
articolated  cephalic  limbs  and  spiral  branchis,  and  he  maintains 
that  they  had  a  set  of  articulated  limbs  on  either  side,  correspond- 
ing to  the  body  segments. 

The  eyea  of  our  Potsdam  species  are  not  usually  well  preserved. 
But  other  ancient  specimens  show  that  some  of  the  order  possessed 
highly  oi^nized,  compound  eyes.  In  some  species,  however,  no 
eyes  are  discernible. 

Among  the  special  forms,  the  JDiceUocephalua  (shovel-head)  is 
notable  for  its  large  size,  the  head  of  the  dominant  species,  D.  Min- 
neaotensia,  being  sometimes  four  or  five  inches  wide.  Omoo^kalua 
leads  in  the  number  of  known  Wisconsin  species,  there  being 
eighteen  of  this  genus  alone,  but  the  forms  are  smaller  and  less  con- 
spicuous than  those  of  DiceUoe&pkalua.  Of  Ptyokaapia  there  are  six 
species,  of  Agnosttta  three,  of  Crepicephahia  two,  ArioneUus  three, 
Agraulos  two,  and  of  Pemphiyaepis,  Ellipaocephalua,  Chariocepk- 
alua,  TriarthreUa  and  JUtenurtts  one  each.  The  unique  form 
Aglaxpia,  aclose  ally  of  the  Trilobites,  is  represented  by  two  species, 
A.  Barrcmdi  and  A.  Eatoni. 


Fig.  17. 


PoTSDiii  TniLOBrm,  a.  Hovsble  cheek  o(  Conocephalitei  Wlsconaensls  — Owpn.  6.  Head 
BBd  moTabte  cheeka  of  nme  with  eplae  restored  Id  outlhie.  c.  Pygldlum  uf  sajue.  d.  Coaoceph- 
bIIWs  catjmenoldea  —  Whitt.  e.  Head  of  Asnostua  Joaepha  ^  HoU  —  showing  ihe  abort  Bpines 
at  Uifl  poslero-latera]  ouelea.  /.  Pygldiuin  ol  the  same  apecles.  g.  Pjgtdium  o(  Eillpsocephalui 
cuitus— WUtt.    h.  Heed  of  Agraulos  Woasl«ii  — WhJtf.     i.  Pygldlum  ot  same.    j.  Pemphi- 


Fossil  Tracks.  In  the  vicinity  of  New  Lisbon,  there  occur  large 
fossil  tracks  that  probably  exceed  in  definiteness  of  detail  and 
complication  of  impression,  any  similar  relics  of  the  primordial 
period.  Figure  18  imperfectly  represents  some  of  the  leading  feat- 
ures, which  consist  of  a  consecutive  aeries  of  Y-shaped  ripple-like 
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ridges  and  depressions,  forming  a  track  varying  in  width  from  2  to 
5  inches.  The  V-sliaped  form  of  these  ridgea  is  the  habilual,  but 
not  by  any  means  nnivorsal  one.  The  organs  which  produced  the 
ridges  were  evidently  flexible,  for  the  ridges  are  frequently  curved  in 
different  ways,  especially  where  the  coarse  of  the  aninoal  was  curving, 
Fio.  18. 


311,  T:iA''K9  O^  POTaDAH  SAHDSmSB  nuW  Ne*  LlSBCM. 

iropoaed  to  cull  the  largur  variety  Climactichnitei  Yoang 
icIicliTiilei  Foaleri.    iThu  llgure  does  not  make  clear  the 


width  ol  wIdMtJH  Inrh 


n  between  Uie  latter  ami 


The  ridges  on  either  side  of  the  track  usually  meet  in  the  center, 
as  implied  by  their  comparison  with  a  V,  but  occasionally  they 
alternate  as  though  the  stops  or  strokes  of  the  locomotive  organs 
were  alternate  instead  of  simultaneous.  Where  the  course  of  the 
track  curves  the  number  of  strokes  upon  the  outer  side  of  the  curve 
IS  usually  greater  than  upon  the  inner.  This  indicates  independent 
action  of  the  organs. 

Over  these  coarser  ridges  there  are  a  number  of  finer  markings, 
sometimes  ap^waring  as  though  appendages  of  the  aQimal  had  been 
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dragged  over  the  ridges  after  they  were  formed.  In  other  cases  these 
finer  markings  are  wavy,  as  though  formed  by  filaments  in  motion, 
acting  upon  the  coarser  ridges  subsequent  to  their  formation.  On 
the  outer  margin  these  lines  frequently  incline  backward  and  inward, 
or,  in  other  words,  are  transverse  to  the  larger  ridges,  the  apices  of 
which  point  in  the  direction  of  the  animal's  movement.  In  one  in- 
stance there  are  three  consecutive  conical  impressions  near  one  side 
of  the  track,  which  appear  to  have  been  molded  by  an  organ  con- 
cave below,  which  was  not  rigidly  attached  to  the  locomotive  organs 
and  did  not  usually  impress  itself  upon  the  sand,  as  these  are  the 
only  impressions  of  it  observed. 

From  the  depth  of  the  impressions  and  their  smoothness,  which 
implies  considerable  compacting  force,  it  is  inferred  that  the  weight 
of  the  animal  was  considerable. 

In  a  second  smaller  variety,  the  ridges  .are  flattened  so  as  to 
present  a  long,  low,  anterior  slope,  and  an  abrupt  posterior  one.  In 
this  variety  too,  the  ridges  pass  more  directly  across  the  track,  and 
the  minor  markings  are  absent  or  inconspicuous. 

The  character  of  the  animal  that  produced  these  ridges  is  prob- 
lematical.   Similar  markings,  as  the  Olimactichmtes  of  the  Canadian 
Reports,  have  been  ascribed  to  Trilobites.    But  it  is  difficult  to  see 
how  the  tracks  above  described  could  have  been  made  by  a  Trilobite, 
since  the  flexibility  and  independence  of  action  of  the  organs  pro- 
ducing the  main  ridge-like  impressions,  forbid  the  supposition  that 
they  could  have  been  produced  by  any  rigid  part  of  the  Trilobite's 
undercrust,  while  their  breadth  and  depth,  and  the  compactness  and 
smoothness  of  their  surface,  seem  equally  to  forbid  their  reference 
to  filamentous  appendages,  especially  as  the  subordinate  markings 
appear  to  repFesent  the  impressions  of  such  organs.    Furthermore, 
the  investigations  of  Mr.  Walcott,  render  it  highly  probable,  if  not 
demonstrative,  that  the  Trilobite's  method  of  progression  was  by 
slender  limbs,  rather  than  by  broad  organs  constantly  in  contact 
with  the  surface,  as  would  seem  to  be  necessary  to  the  formation  of 
the  tracks  in  question.    We  are  led,  therefore,  to  reject  the  view 
that  these  are  Trilobite  tracks,  but  we  are  unable  to  offer  any  satis- 
factory suggestion  concerning  the  animal  which  produced  them. 
We  have  designated  the  larger  kind  Climactichnites  Yowngi^  and  the 
smaller  C,  Fosteri} 

>  I  am  indebted  to  Rev.  A.  A.  Young,  of  New  Lisbon,  for  the  first  information 
concerning  these  interesting  tracks,  and  for  much  assistance  in  procuring  a  suite. 
About  half  a  ton  of  slabs  are  now  in  the  museum  of  Beloit  College,  procured 
through  his  kindness.  He  has  also  supplied  tho  University  of  Wisconsin  and 
Dartmouth  College  with  specimens. 
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Rhizopods,  The  greensand  that  abounds  at  certain  horizons 
"  suggests  the  probable  presence  of  Rhizopods,  since  the  shells  of 
these  Protozoans  have  been  found  to  be  connected  with  the  origin 
of  this  material  in  the  Silurian  rocks  of  Europe,  as  weU  as  in  those 
of  the  Cretaceous  in  Europe  and  America  "  (Dana). 

General  Remarks,  Gathering  together  mentally  the  foregoing 
types  of  life,  and  adding  to  them  such  other  forms  as  appeared  else- 
where  in  the  same  general  period,  it  appears  that  thus  early  — 
almost  at  the  beginning  of  the  earth's  known  life-history  —  all  the 
great  type^  of  living  organisms  except  the  vertebrates  were  repre- 
sented. Upon  thoughtful  consideration  it  will  appear  that  much 
more  than  half  the  differentiation  of  the  animal  kingdom  had 
already  been  accomplished.  Not  only  were  the  great  types  (except 
the  vertebrates)  established,  but  the  divergence  of  the  leading 
branches  within  each  was  not  conspicuously  less  than  now. 

The  lower  Protozoan  types  of  life  were,  for  obvious  reasons, 
imperfectly  preserved,  but  the  presence  of  Sponges  and  Khizopods 
in  the  closely  following  periods,  if  not  in  this,  indicate  great  diver- 
gence of  forms,  and  under  any  hypothesis  of  genetic  derivation  im- 
plies that  the  organization  of  the  leading  structural  types  of  this 
class  had  been  attained. 

Among  the  types  commonly  known  as  Radiates,  Echinoderms 
were  represented  by  Orinoids,  and  Star-fishes  are  found  in  the  closely 
following  Trenton  period.  Acalephs  were  represented  by  Grapto- 
lites,  and  the  Polyp  branch,  though  its  remains  have  not  been  found 
in  the  Potsdam  sands,  yet  appears  in  great  abundance  and  in  highly 
divergent  forms  in  the  succeeding  Trenton.  The  presence  or  absence 
of  the  soft  types,  as  the  Holothurians,  cannot  be  determined,  since 
they  could  not  be  expected  to  leave  fossil  remains.  It  appears, 
therefore,  that  not  only  were  the  "Radiates,"  as  a  great  group, 
organized,  but  the  leading  branches  had  (at.  least  by  the  Trenton 
period)  assumed  something  like  their  present  diversity,  so  far  as 
fundamental  structure  is  concerned.  ♦ 

Turning  to  the  MoUuscan  group,  the  presence  of  Bryozoans 
Brachiopods,  Cephalates  and  Cephalopods,  and  of  abundant  Acephals 
in  the  Trenton,  show  that  this  branch  had  attained  the  essentials  of 
its  present  divergence.  The  Brachiopods  are  so  far  removed  from 
the  common  type  as  to  lead  eminent  zoologists  to  follow  Prof. 
Morse  in  separating  them  entirely  from  the  MoUuscan  group. 

Among  articulates,  so  divergent  forms  as  Trilobites,  Phyllopods, 
and  Annelids,  indicate  a  wide  differentiation  of  this  type. 

Without,  therefore,  drawing  upon  that  much-abused  resource, 
"  the  imperfection  of  the  geological  record,"  further  than  to  presume 
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the  existence  of  some  forms  which  are  preserved  in  the  rocks  of  the 
immediately  following  period  in  highly  diverse  forms,  we  are  jus- 
tified in  the  assertion  that  the  structural  types,  below  the  vertebrates, 
were  already  organized  in  a  wider  and  deeper  sense  than  is  implied 
by  the  simple  statement  that  the  lovv^er  sub-kingdoms  were  all  pres- 
ent. They  were  not  only  present,  but  they  themselves  embraced 
widely  divaricate  subdivisions.  The  later  additions  consist  largely 
of  interstitial  forms  and  of  unessential  modifications,  rather  than  of 
profound  departures  from  fundamental  type-structures.  The  ap- 
pearance of  Insects  is  the  greatest  innovation  of  later  ages  among 
these  classes,  and  even  this  may  be  more  apparent  than  real,  for  when 
they  appear  in  the  middle  Palaeozoic,  a  geologically  not  distant 
period,  they  present  a  completeness  of  organization  and  a  diversity 
of  character  quite  surprising,  so  much  so  that  many  modem  zoolo- 
gists would  probably  maintain,  on  theoretical  grounds,  that  this 
class  also  must  have  been  introduced  very  much  earlier,  though 
not  appearing  in  the  record  for  want  of  preservation. 

It  would  appear  to  be  not  too  much  to  assert  that  the  only 
really  great  development  of  organized  structure  that  has  taken 
place  since  the  primordial  ages  is  embraced  in  the  vertebrate  type. 
Even  this,  physiologically  (not  psychologically)  considered,  was  a 
much  less  wide  departure  from  primordial  structures  than  these 
latter  were  from  the  lowest  known  forms  of  life,  and  immeasurably, 
less,  as  we  conceive  it,  than  that  of  the  latter  from  unorganized 
matter;  for,  in  the  Potsdam  forms,  all  the  great  physiological  sys- 
tems were  well  organized.  There  was  not  only  that  most  mysterious 
and  perhaps  greatest  of  vital  functions,  the  undetermined  and 
almost  undefinable  agency  that  builds  up  the  animal  structure,  but 
the  muscular,  skeletal,  digestive,  respiratory,  circulatory,  excretory, 
secretor}^,  and  nervous  systems  existed,  and  were  displayed  in  great 
variety  and  in  some  degree  of  complexity.  The  highest  of  these, 
the  nervous  system,  seems  even  then  to  have  embraced  all  its  present 
functions  except  the  higher  intellectual  ones.  Otherwise  certain 
animals  could  not  have  exercised  the  functions  with  which  they 
were  unquestionably  endowed.  The  eyes  and  the  free  life  of  the 
Trilobites  necessarily  imply  the  possession  of  some,  if  not  all  the 
senses,  and  of  other  intellectual  faculties. 

The  organic  developments  of  Post-Potsdam  ages  may,  therefore, 
be  summed  up  as  (1)  modifications  and  improvements  —  very  marked 
to  be  sure  but  not  fundamental ---in  the  arrangements  and  adjust- 
ments of  the  physiological  systems,  and  (2)  the  immeasurable  addition 
of  the  higher  intellectual  functions.     The  development  of  the  Pre- 
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Potsdam  ages  embraced,  (1)  the  origination  of  organic  structures, 
(2)  the  creation  of  the  great  physiological  systems,  and  (3)  the  de- 
velopment of  all  but  one  of  the  great  anatomical  types. 

The  momentous  question  of  the  origin  of  life-structure,  in  its  great 
physiological  essentials,  appears,  therefore,  to  reach  back  for  its 
direct  geological  data  beyond  the  definite  life-record  into  the  obscu- 
rities of  the  early  ages.  The  importance  which  these  ages,  therefore, 
possess  in  geological  history  cannot  easily  be  over-estimated,  however 
difficult,  or  perhaps  impossible  of  solution,  the  problems  they  pre- 
sent. Impressed  with  this  thought  we  have  departed  somewhat 
from  conmion  usage  and  dwelt  at  unusual  length  upon  them. 

IAfe-^i(yrdr%bution  to  JiochforrriaMon,  The  abundant  life  of  the 
Potsdam  period  yielded  its  remains  to  the  accumulating  sediments, 
and  the  sands  became  the  great  cemetery  of  its  dead.  Though  the 
contribution  of  each  little  being  was  small,  the  myriads  which  the 
waters  brought  forth,  collectively  yielded  a  notable  contribution  of 
calcareous  matter  to  the  formation. 

Geographical  Distribution.  The  formation  gathered  about  the 
Archaean  nucleus  of  the  State  and  thence  stretched  away  in  all 
directions,  underlying  all  the  later  formations  of  the  State.  As  now 
exposed,  after  the  denudation  of  ages,  it  occupies,  at  the  surface,  a 
crescentic  area,  having  its  greatest  width  in  Central  Wisconsin, 
between  Portage  and  Stevens  Point,  and  its  limbs  stretching,  the 
one  northeasterly  to  the  Michigan  border,  and  the  other  northwest- 
erly to  Minnesota.  South  of  this  main  area,  the  streams  have  fre- 
quently cut  down  into  and  exposed  it  along  their  channels.  In  the 
Lake  Superior  basin  it  now  appears  only  as  a  narrow  bordering  belt 
at  the  foot  of  the  highlands  and  next  to  the  lake. 

Undisturbed  Condition  of  the  Beds.  It  will  be  understood  from 
the  preceding  discussions  that  the  strata  of  this  formation  lie  in  a 
nearly  horizontal  position,  and  repose  unconformably  on.  the  worn 
surface  of  the  crystalline  rocks.  The  close  of  the  period  was  not 
marked  by  any  great  upheaval ;  there  was  no  crumpling  nor  meta- 
morphism  of  the  strata,  and  they  have  remained  to  the  present  day 
very  much  as  they  were  deposited,  save  a  slight  arching  upward  in 
the  central  portion  of  the  State.  The  beds  have  been  somewhat 
compacted  by  the  pressure  of  superincumbent  strata,  and  solidified 
by  the  cementing  action  of  calcareous  and  ferruginous  waters,  and 
by  their  own  coherence;  but  the  original  character  of  the  formation 
as  a  great  sand-bed  has  not  been  obliterated.  It  still  bears  the  rip- 
pie-marks,  cross-lamination,  worm-burrows  and  similar  markings, 
that  characterize  a  sandy  beach. 
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TTitcJcness.  The  thickness  of  the  formation  varies  widely  because 
of  the  unevenness  of  its  Archaean  floor,  but  perhaps  averages  700 
feet,  or  800  feet,^and  reaches  a  maximum  of  at  least  1,000  feet. 

Climate  of  the  Period.  Theoretical  considerations  lead  us  to  sup- 
pose that  the  climate  of  the  period  was  uniform,  moist  and  warm. 
Several  considerations  point  to  this  conclusion.  First,  and  probably 
least,  the  heat  of  the  interior  of  the  earth  may  yet  have  been  suffi- 
cient to  have  affected  the  surface  in  some  slight  degree  more  than 
in  later  ages.  But  the  amount  of  this  was  probably  trivial.  In  the 
second  place,  the  ratio  of  water  to  land  was  apparently  very  much 
greater  than  at  present,  and  this  wide  prevalence  of  the  ocean  facil- 
itated the  absorption,  retention,  and  uniform  distribution  of  heat 
through  oceanic  circulation.  In  the  third  place,  the  atmosphere 
probably  was  more  extensive  (a  part  of  it  since  having  entered  into 
combination  with  the  crust  of  the  earth),  and  more  moisture-laden, 
because  of  the  prevalence  of  the  ocean,  and  other  circumstances,  so 
that  the  earth  was  wrapped  in  a  more  retentive  atmospheric  blanket 
than  in  subsequent  ages.  Fourth,  somewhat  more  heat  was  proba- 
bly received  from  the  sun,  if  current  views  in  regard  to  the  secular 
cooling  of  that  orb  be  trustworthy. 

American  Distribution.  Ideally  the  Postdam  beds  should  every- 
where be  found  skirting  the  Archaean  areas,  and  this  they  probably 
do,  but  are  often  concealed  by  later  formations  that  overlap  them. 
Tracing  the  formation  eastward  it  is  found  to  skirt  the  south  shore 
of  Lake  Superior  to  the  Straits,  beyond  which  it  is  concealed,  but 
its  margin  probably  stretches  southeastward  along  the  edge  of  the 
Archaean  area,  passing  under  Georgian  Bay  and  across  Canada  to 
the  St.  Lawrence,  just  below  Lake  Ontario,  where  it  reappears  on 
the  flank  of  the  Archaean  neck  that  joins  the  Adirondacks  with  the 
great  Archaean  area  of  Canada.  It  also  appears  on  the  opposite  side 
of  this  neck,  and  skirts  the  base  of  the  Adirondacks.  Rocks  of 
essentially  equivalent  age  occur  as  far  northeastward  as  Newfound- 
land, and  the  adjacent  Labrador  shore.  They  occur  also  in  the 
Green  Mountains  of  Vermont,  and  along  the  Appalachian  range 
from  southern  New  York  to  Alabama. 

Tracing  westward,  the  belt  becomes  buried  in  Minnesota.  Ideally 
it  should  stretch  northwestward  along  the  base  of  the  Archaean  range 
to  the  Arctic  ocean,  and  probably  does  do  so,  but  is  concealed  by 
the  overlapping  of  the  later  Silurian  limestones.  The  Potsdam 
formation  occurs  in  the  Black  Hills,  where  its  fossils  are  strikingly 
similar  to  those  of  Wisconsin,  and  at  several  points  among  the 
western  mountains,  where  complete  explorations  will  probably  dis- 
close considerable  areas.    There  is  also  a  small  area  in  Texas 
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LowEB  Magnesian  Limestonb. 

« 

PiQ.  19,  Synopsis  of  Characters,    Formation  named  by 

Owen  "Magnesian,"  from  its  dolomitic  composi- 
tion, and  **  Lower/*  to  distinguish  it  from  the 
Galena  and  Niagara  formations  which  were  then 

SBonoN  flluatratin^  the  relations  ^^^^  *^®  ^PP®"*  Magnesian  limestone.     It  is  the 

of  the  Lower^Ma^esian  limestone  equivalent  of  the  Calciferous  sandrock  of  New 

(L.  Mg.)  to  the  Potsdam  sandstone  York,    Both  names  are  objectionable.    The  term 

(P.)  beneath,  and  to  the  St.  Peters  Calciferous  sandrock  is  inapplicable  to  the  west- 
sandstone  (<8<.  P.)  above.  -  ..  1.-1      T  ■»«■ 

ern  formation,  while  Lower  Magnesian  is  even 
more  inapplicable  to  the  eastern.  The  formation  has  perhaps  a  sufficiently  wide 
extent  to  justify  the  introduction  of  a  new  name,  that  will  conform  to  good 
usage  and  be  everywhere  applicable;  but  in  a  report  of  this  kind,  it  has  been 
thought  best  to  accept  the  name  already  in  general  use.  Formation,  a  cherty 
magnesian  limestone,  from  65  to  250  feet  thick,  underlain  by  Potsdam  sandstone, 
and  overlain  by  St,  Peters  sandstone.    Contains  few  fossils. 

For  details,  see  Vol.  II,  pp.  268-285  (Chamberlin;,  547-555,  and  577-607  (Irving), 
671-675  (Strong);  Vol.  IH,  pp.  897-8  (Chamberlin);  Vol.  IV,  pp.  64-81  (Strong), 
12a-129  (Wooster),  194-204,  24&-9  (Fossils,  Whitfield),  511-518  (Chamberlin). 

Peculiarities  of  Stratijioation.  During  the  previous  epoch,  the 
accumulation  of  sandstone  gave  place  for  a  time  to  the  formation  of 
limestone  (the  Mendota).  At  the  close  of  the  epochs  without  any 
very  marked  disturbance  of  existing  conditions,  the  formation  of 
limestone  was  resumed  and  progressed,  with  some  interruption,  till 
a  thickness  varying  from  65  feet  to  250  feet  was  attained.  This 
variation  in  thickness  is  mainly  due  to  irregularities  of  the  upper 
surface  of  the  formation,  wj;iich  is  undulatory,  and,  indeed,  in  some 
localities  may  appropriately  be  termed  billowy,  the  surface  rising 
and  falling  like  the  swells  of  a  subsiding  sea.  In  the  localities 
where  these  phenomena  are  best  developed,  these  petrous  billows 
vary  in  height  from  a  gentle  swell  to  elliptical  domes  rising  a  hun- 
dred feet  above  their  bases,  while  their  length  ranges  from  a  few 
rods  to  a  quarter  of  a  mile  or  more,  and  their  width  from  one  third 
to  one  half  their  length.  The  symmetry  of  outline  here  indicated 
is  frequent  and  typical,  though  not  universal.  It  finds  its  best  ob- 
served expression  in  Green  Lake  and  Winnebago  counties,  where  the 
axes  of  the  domes  lie  in  an  east- westerly  direction  much  more  com- 
monly than  otherwise,  or,  in  other  words,  are  at  right  angles  to  the 
trend  of  the  formation.  While  not  equally  conspicuous  everywhere, 
this  undulatory  surface  is  prevalent  throughout  the  State  and 
beyond.* 

1  This  has  been  recognized  in  Central  Wisconsin  by  Irving,  Vol.  II,  pp.  551  and 
553,  in  Southwestern  Wisconsin  by  Strong,  ibid.,  p.  673,  and  Vol.  IV,  p.  68,  and  in 
Northwestern  Wisconsin  by  Wooster,  Vol.  IV,  p.  134,  fig. 

* 

The  phenomena  cited  by  Winchell,  Rep.  Nat.  Hist.  Minn.,  1873,  is  probably 
identical,  as  also  that  cited  much  earlier  by  Hall,  Oeol.  of  Iowa,  VoL  I,  p.  336, 
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The  internal  structure  of  these  rock-billows  is  interesting.  In  the 
more  typical  ones  at  least,  and  perhaps  universally,  the  superficial 
strata  dip  in  every  direction  from  the  center,  most  rapidly  at  the 
sides  (the  dip  sometimes  reaching  30°),  and  less  so  at  the  extremities ; 
or,  in  other  terms,  the  beds  are  generally  concentric  with  the  sur- 
face.  The  rock  of  this  superficial  portion  is  as  homogeneous  and 
even-grained  a  dolomitic  limestone  as  is  common  to  the  formation, 
and  presents  no  unusual  evidence  of  fracture  or  disturbance.  Indeed 
the  rock  gives  the  impression  of  having  been  laid  down  as  a  mantle 
of  calcareous  sediment  over  an  irregular  surface. 

Fig.  20. 


Pkofilb  fllustrating  the  accompanying  view  of  the  structure  of  the  Lower  Magneslan  limestone. 

Where  ierosion  has  exposed  the  interior,  however,  a  very  different 
structure  is  exhibited.  The  core  of  the  dome  appears  to  be  com- 
posed of  a  brecciated  mass  formed  of  limestone  fragments  bound 
together  by  calcareous  material  that  seems  to  have  been  a  mud  de- 
rived from  the  wear  of  the  rocks  themselves.  Although  the  base  of 
the  formation  has  never  been  seen  inmiediately  beneath  one  of  these 
prominences,  yet  from  all  that  can  be  ascertained  from  the  study  of 
the  lower  beds  in  the  vicinity,  it  is  probable  that  the  basal  strata 
are  homogeneous  and  horizontal,  and  unaflfected  by  the  peculiarities 
that  Ue  above.  ^ 

If  we  interpret  these  facts  aright,  they  indicate  a  somewhat  pecul- 
iar history  for  a  limestone  formation.  We  conceive  that  in  the 
earlier  stages  of  the  period  the  limestone  accumulated  to  a  consider- 
able thickness,  after  which  the  depositing  waters  retired,  leaving  the 
surface  exposed  to  drainage  erosion,  whereby  it  was  carved,  in  some 
measure,  into  the  usual  irregularities  of  corraded  surfaces.  After 
this  had  taken  place,  the  sea  advanced,  eroding  still  further  and 
breaking  up  and  grinding  the  superficial  beds,  heaping  the  broken 
and  comminuted  material  into  shoals,  bars  and  reefs. 

As  the  sea  advanced,  these  accumulations  became  more  deeply 
covered  with  water  so  as  to  be  at  length  beyond  the  forcible  action 
of  the  waves,  and  they  then  became  covered  with  a  deposit  of  cal- 

and  in  the  Wisconsin  report,  though  it  is  not  apparent  from  the  descriptions  of 
these  last  two  writers  that  it  is  a  prevalent  feature,  or  that  it  bears  the  character- 
istics first  definitely  determined  in  Ekistern  Wisconsin. 
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careous  detritus,  borne  backward  from  the  still  advancing  beach. 
This  calcareous  deposit  covered  the  irregularities  of  the  bottom  like 
an  undulatory  blanket,  forming  the  homogeneous,  superficial  layers 
above  described.  The  effect  of  this  last  deposit  would  be  to  subdue 
the  roughnesses  and  irregularities  left  by  beach  action,  and  give  the 
prominences  the  flowing,  billowy  contour  which  they  are  observed 
to  possess. 

If  this  be  the  true  interpretation,  there  is  here  presented  a  pecul- 
iar species  of  unconformity  within  what  has  been  recognized  a^  a 
simple  formation,  seeming  to  mark  a  subordinate  epoch  in  geolog- 
ical history.  It  is  not  quite  clear,  however,  that  this  epoch  of 
erosion  may  not  mark  a  more  considerable  and  important  interval. 
Were  fossils  more  generally  present,  this  question  might  be  set  at 
rest.  But  tlieir  rarity  loaves  it  yet  undecided,  and  the  attention  of 
observers  and  collectors  is  invited  to  it.  In  the  nortlieastern  part 
of  the  State  tiie  cast  of  an  Ophileta,  and  two  obscure,  undetennined 
Ma^Mai^ymm  have  been  observed  in  the  over-arching  superficial  lay- 
ers. The  beautiful  Euomphalus  Strongi  also  occupies  this  horizon 
in  the  Lead  region. 

Other  Characteristics.  In  addition  to  the  foregoing  peculiarities 
of  stratification,  the  unity  of  the  formation  in  Eastern  "Wisconsin  is 
interrupted  by  a  shaly  stratum  in  its  sub-central  portion,  and  in 
Northwestern  Wisconsin  by  a  sandstone  layer  of  very  irregular 
thickness,  sometimes  merely  consisting  of  a 'layer  of  lenticular,  or 
pockct-liko  deposits.  Locally  there  are  seams  of  sand  and  sliale 
intercalated  in  the  series,  particularly  in  the  basal  portion. 

The  bedding  of  the  rock  is  usually  uneven  and  heavy,  and  its 
texture  is  coarse,  rough  and  irregular,  though  exceptionally  it 
becomes  uniform  in  bedding  and  grain,  forming  a  beautifuland  serv- 
iceable rock. 

In  composition  it  is,  in  the  main,  a  magnesian  limestone,  or,  more 
technically,  a  dolomite.  But  it  contains,  in  addition,  much  silicious 
material,  most  commonly  in  the  form  of  flint  or  chert  nodules,  but 
sometimes  in  disseminated  sand  grains,  and  not  infrequently  as  an 
oolite;  in  which  the  center  of  the  spherules  is  a  grain  of  sand,  about 
which  concentric  layers  of  calcareous  material  are  gathered.  Silica 
also  often  constitutes  a  crystalline  lining  of  cavities,  forming  beauti- 
ftil  litUe  ge<5des  linwl  with  variously  colored  quartz,  A  varying 
amount  of  aluminoiii  impurity  is  also  present  throughout  the  rock, 

A  notable  feature  of  the  formation  is  the  occurrence,  at  various 
heights,  of  brecciateJ  layers  interstratified  with  others  more  homo- 
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geneous.  These  are  composed  of  fragments  of  limestone  in  a 
matrix  of  finer  material,  derived  from  the  same  source.  They  seem 
to  indicate  that  the  formation,  during  its  deposition,  suffered  succes- 
sive variations  of  conditions,  from  comparative  quiet  to  forcible 
wave  action,  probably  due  to  slight  oscillations  of  level.  The  com- 
parative absence  of  fossils  under  such  circumstances  is  not  surpris- 
ing. There  seems  little  doubt,  however,  that  the  material  of  the 
formation  was  derived  mainly  from  the  calcareous  remains  of  life. 

Metallic  Contents.  In  addition  to  the  more  common  constituents, 
there  were  deposited,  in  certain  localities,  metallic  compounds,- 
among  which,  copper,  lead  and  iron  are  the  most  noteworthy. 
These  were,  in  onr  view,  originally  disseminated  through  certain 
portions  of  the  accumulating  sediments,  where  their  presence  is 
thought  to  have  been  due  to  the  agency  of  organic  life.  Seaweeds 
are  known  to  absorb  these  metals  from  solution  in  the  oceanic 
waters,  and  must  afterward  give  them  up  to  the  sediments  on  decay. 
Precipitating  agencies,  especially  sulphuretted  gases,  are  also  gener- 
ated by  the  decay  of  animal  and  vegetable  matter,  and  by  these, 
ores  may  have  been  extracted  from  the  sea  water.'  The  amount  of 
such  metallic  accumulation  has  not  yet  been  shown  to  be  very  great, 
and  yet  quite  noteworthy  in  the  southwestern  quarter  of  the  State. 
The  concentration  of  this  in  the  form  in  which  it  is  now  found  is 
the  work  of  much  later  ages. 

Life  of  tJie  Epoch.  As  previously  remarked,  distinct  remains  of 
life  are  v'ery  meager.  Some  seaiveeds,  a  few  Mollusks,  an  occa- 
sional fragment  of  a  Trilobite,  and  a  few  other  obscure  forms,  make 
up  the  meager  list  of  fossils,  except  in  a  single  favored  locality  of 
])ecnliar  and  somewhat  doubtful  relations,  where  an  ampler  fauna  is 


qoarrr.  near  Bantboo.  referred  b;  ProT.  Whltfleld 
able  cheek  of  DLcellocephalus  Busbueiuls  —  \V'bltr.  I 
Pj-gliJliuD  at  some,    d.  pygldlum  a(  Ultenunu 


1  For  a  full  diacusaion  of  this  class  of  metallic  deposits,  see  Ore  Deposits  of 
Smtthwettem  Wiaeoasin,  Vol.  IV,  pp.  385-553. 
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found.  The  general  list  embraces  Fucoida,  and  nndetermined  Slro- 
tnaiopora,  Strc^homena,  Ophileta,  SaltereQa,  StraparoUua,  Jiucanta, 
Leperditia,  and  Euamphalut  Strongi. 

At  Eikey's  quarry,  east  of  Earaboo,  in  what  must  have  been  a  pro- 
tected bay  between  the  quartzite  ranges,  a  peculiar  and  interesting 
group  of  fossils  occurs,  embracing  the  following  species ;  of  Trilobites, 
Dicellocephahia  Barahuensis,  D.  Eaton i,  and  I7l(rnnri/s  convexua]  of 
Heteropods,  Sccevogyra  ehngata,  S.  obliqua,  and  S.  Sweseyi;  of  GJas- 
teropods,  Metoptoma  Barabitenme,  3f.  recvrva,  M.  retrorsa,  and  J/i 
timilU;  and  of  Brachiopods,  L^taena  Barahuenaia, —  all  of  which 
except  the  last  are  new  speciea. 

¥ia.  23. 


ftoflsnafrom  Eikey's  quMiy  now  B»™boa,  refetrad  by  Pror.  WJiJtfleld  tolhe  I-nter  Hagnestan 
UniHltme.  a.  ScBTORj-n  Swemyl  —  Whitf.  ft.  S.  elevala  —  whlif  c.  S,  obliqua  — WMtf. 
a.  EuomphalugStrongi  — Whttt.  e.  Metoploma  elmlH*  —  Whitf .  /  M.  retrorsa  —  Whitf.  p.  M. 
Barabueoaii— WhlU.    k.  M.  recurra  —  WMIf .    i.  LepWoa  Banbuensis  —  Whltf . 

The  Btratigraphical  relations  of  the  beds  containing  these  fossils 
are  quite  peculiar,  as  described  in  Vol.  Ill,*  and  render  doubtful  the 
precise  horizon  to  which  they  should  be  referred,  further  than  that 
they  belong  to  the  upper  portion  of  the  Cambrian  series.  The  gen- 
eral aspect  of  the  fauna  is  Cambrian,  with  modifications  verging 
toward  succeeding  formations. 

Diatribution.  Aa  now  seen,  after  the  erosion  of  subsequent  ages, 
this  formation  occupies,  at  the  surface,  an  irregular  belt  skirting 
the  Potsdam  area.  Originally,  it  probably  swept  entirely  around 
the  Archaean  island,  for  we  now  trace  it  nearly  across  the  eastern 
portion  of  the  upper  peninsula  of  Michigan  to  the  neighborhood  of 


1  Irving,  pp.  537  and  593. 
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Lake  Superior,  and  a  remnant  portion  of  it  occurs  in  the  valley  ex- 
tending inland  from  Keweenaw  Bay,  while  upon  the  western  side 
we  find  it  reaching  up  the  valley  of  the  St.  Croix  as  far  as  Osceola 
Mills.  When  its  position  and  relations  are  considered,  it  seems 
probable  that  the  original  formation  entirely  encircled  the  Archaean 
heights. 

Amen^an  Distribution.  The  surface  area  of  this  formation  should 
theoretically  be  found  skirting  that  of  the  Potsdam  strata  pre- 
viously described.  This  is  does  westward  into  Minnesota,  where  it 
disappears,  being  buried  by  later  formations,  and  also  eastward 
through  the  Upper  Peninsula  of  Michigan  as  far  as  St.  Marie  Straits, 
and  also  in  the  Adirondack  and  St.  Lawrence  regions,  and  along 
the  Appalachians.  In  some  other  regions,  in  the  east,  and  in  the 
western  mountains,  it  has  not  been  clearly  distinguished  from  con- 
tiguous formations.  It  occurs  in  southeast  Missouri,  surrounding 
the  Archaean  protuberances. 

General  Observations  on  the  Cambrian  Age. 

The  foregoing  Potsdam  and  Lower  Magnesian  formations  (taken 
together  with  the  St.  Peters  sandstone  perhaps)  represent,  so  far  as 
it  is  developed  in  the  interior,  what  has  been  termed  the  Primordial 
group.  The  term  Primordial,  however,  is  unfortunate,  in  so  far  as 
it  seems  to  imply  that  this  was  a  primitive  period,  either  in  the  his- 
tory of  life,  or  of  rock-formation.  It  is  primordial  only  in  the  sense 
of  embracing  the  earliest  group  of  well-defined  fossils.  In  the 
Eastern  Border  region,  in  Massachusetts,  New  Brunswick,  Nova 
Scotia,  and  elsewhere,  there  are  earlier,  though  not  distantly  sepa- 
rated, fossiliferous  beds  —  the  Acadian  group  —  which  are  also  in- 
cluded in  the  Primordial  system.  In  English  nomenclature,  which 
is  gradually  extending  itself,  the  supposed  equivalents  of  these  rocks 
are  termed  Cambrian.  Those  which  we  have  had  under  special 
consideration  constitute  the  upper  members  of  this  system  as  it  is 
usually  limited.  The  general  introduction  of  this  term  into  Ameri- 
can geology  would  be  serviceable.  It  the  other  volumes  of  the 
report  (published  before  this  one)  we  have  adhered  to  the  Murchi- 
sonian  classification  and  designated  these,  in  common  with  those  above 
them,  SUurian,  because,  at  that  stage  of  investigation,  we  were  un- 
prepared to  express  an  independent  opinion  as  to  the  classification 
best  suited  to  the  formations  under  consideration.  That  adopted  in 
this  volume  expresses  our  present  judgment. 

But  whatever  the  naming  and  classification,  these  formations 
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represent  a  distinct  series,  separated  from  the  preceding  by  a  great 
interval,  as  demonstrated  by  the  enormous  erosion  that  intervened, 
and  separated  likewise  from  the  succeeding  formations  by  a  briefer 
interval. 

Foreign  Distribution  of  Cambrian,  Thia  series  is  especiaUy  weU  developed 
in  North  Wales  (Cambria),  from  whence  it  takes  its  name,  and  occurs  in  Scot- 
land, Ireland,  Scandinavia,  and  notably  in  Bohemia,  where  the  remarkable  re- 
searches of  Barrande  have  developed  an  eztraordinarilj  rich  fauna.  This  is 
probably  but  a  small  part  of  its  real  distribution,  as  the  earlier  geological  forma- 
tions are  imperfectly  determined  even  on  the  continents  most  studied.  The  di£S- 
culties  of  identification  increase  with  the  antiquity  of  the  formation. 


CHAPTER  YUL. 

LOWER    SILURIAN,    CAMBRO-SILURIAN,    OR    ORDOVI- 

CIAN  AGE. 

Suhdwidona.  (1)  Epoch  of  advance  of  sea,  St.  Peters  scmdetone. 
(3)  Epoch  of  maxunam  invasion  of  sea  and  consequent  greatest 
depth,  Trenton  limestone.  (3)  Epoch  of  incipient  shoaling,  Oalena 
Umeetane.  (4)  Epoch  of  pronoanced  shoaling,  and  oceanic  retreat^ 
Hvdeon  Swer  or  Omcmnati  Shales. 

Epoch  of  thb  St.  Petebs  Sandstone. 

Fia.  2S.  Synoptical  Notes,    Name  of  the  for- 

mation derived  from  the  St.  Peten  (now 
Minnesota)  riyer,  at  the  mouth  of  which 

Sxmair  miiirtratfn«  the  ration,  of  the^St.  ^*  ^  ^^  displayed.  Rock  a  friable, 
PWara  landstone  (St.  P.)  to  th©  Lower  Magne-  white,  or  yellow  sandstone,  miderlainby 
■Ian  limestone  (L.  Mg.)  below,  and  the  Trenton  Lower  Magnesian  limestone,  and  OTer- 
(IV.)  above.  lain  by  Trenton  limestone.     Thickness 

varies  from  212  feet  down  to  a  fraction  of  one  foot.  Average,  probably  between 
80  and  100  feet.    Fossils  very  rare. 

For  details,  see  YoL  II,  pp.  285-290  (Chamberlin),  555-558,  559,  600,  006 
(Irving),  675-680  (Strong);  VoL  IV,  pp.  81-87  (Strong),  129  (Wooster),  415-417, 
509-511  (Chamberlin).    For  area  occupied  by  the  formation,  see  atlas. 

LitJvological  Gha/racter.  Keposing  upon  the  billov^y  surface  of  the 
Lower  Magnesian  limestone,  filling  up  its  depressions,  and,  for  the 
most  part  surmounting  its  prominences,  lies  a  singularly  pure 
quartzose  sandstone.  Kext  the  underlying  limestone,  to  be  sure, 
there  is  found  some  shaly  material  derived  from  its  wear,  and 
against  the  sides  of  the  few  Archaean  prominences  that  still  stood 
as  islands  or  reefs  in  the  depositing  seas,  there  are  conglomerates 
which  the  breakers  formed  by  beating  fragments  from  the  cliffs,  and 
rolling,  rounding  and  burying  them  in  the  sands  encircling  the 
parent  ledges.  But  aside  from  these  occasional  variations,  mani- 
festly due  to  special  local  circumstances,  the  formation  is  notable  for 
the  uniformity  of  its  material. 

The  sand  consists  of  quartzose  grains  of  medium  coarseness,  com- 
paratively free  from  that  admixture  of  coarser  and  finer  material 
which  is  common  in  sandstone.  It  is  also  mainly  free  from  inter- 
mingled silt,  and  from  the  calcareous  and  ferruginous  cements  that 
Voul— 10 


146  GENERAL  GEOLOGY. 

80  frequently  bind  sand  deposits  into  coherent  rock.  The  resolt  is 
that  this  formation,  though  one  of  the  most  ancient  of  its  class,  and 
though  once  buried  at  some  points  by  an  estimated  thickness  of  at 
least  1,000  feet  of  strata,  remains  to-day,  in  large  part,  little  more 
than  an  incoherent  sand-bed.  It  is  scarcely  compacted  enough  to 
be  handled  without  crumbling  to  a  sand,  so  that  it  is  quite  fre- 
quently used  for  mortar-sand,  but  very  rarely  for  building  stone. 

White,  yellow  and  gray  are  the  prevalent  colors,  though  red, 
brown,  pink  and  green  are  not  uncommon.  In  exceptional  instances 
the  rock  is  beautifully  variegated  by  an  irregular  disposal  of  colors, 
or  is  banded  in  a  disjointed  and  irregular  way,  producing  an  interest- 
ing and  unique  effect.  These  irregularities  of  coloration  are  chiefly 
due  to  a  dyeing  of  the  sand  by  the  infiltration  of  solutions  carrying 
coloring  matter,  apparently  iron  and  manganese  compounds,  for  the 
most  part. 

The  formation  shows  oblique  and  discordant  lines  of  stratification, 
due  to  the  shifting  action  of  the  waves  during  its  deposition.  At 
some  points  the  arrangement  is  exactly  typical  of  ebb-and-flow 
structure.  At  a  single  locality,  Mr.  Strong  found  ripple-marks.  In 
the  upper  part  of  the  formation,  infiltrations  and  concretions  of  iron- 
ore  not  infrequently  occur.  The  latter,  on  weathering,  present  a 
dark-brown  glazed  surface,  which  has  led  to  the  popular  impression 
that  they  are  of  volcanic  or  meteoric  origin. 

A  somewhat  prevalent  departure  from  the  general  characteristics  is 
found  in  the  northeastern  part  of  the  State,  where  considerable  white 
argillaceous  material  is  introduced,  interlaminated  with  the  sand  in 
thin  seams,  or  mingled  with  it,  giving  a  somewhat  schistose  structure, 
and  a  greater  firmness  and  endurance  than  elsewhere.  At  some 
points  in  the  southwestern  part  of  the  State,  the  sandstone  is  excep- 
tionally impregnated  with  iron,  and  hardened  by  its  cementing  prop- 
erty, and  seemingly  also  by  exceptional  pressure  brought  to  bear  at 
these  points.*  The  "  Eed  Eock  "  below  Darlington  is  the  most  con- 
spicuous example  of  this  kind. 

Thickness,  Owing  to  the  unevenness  of  its  bottom,  the  deposit 
varies  greatly  in  thickness.  The  greatest  yet  observed  is  212  feet, 
while  on  the  other  hand,  the  prommences  of  the  Lower  Magnesian 
limestone  occasionally  rise  entirely  through  it.  Its  average  thick- 
ness is  estimated  at  less  than  100  feet,  probably  about  80  feet. 

Life  of  the  Period,  Until  recently  no  organic  remains  had  ever 
been  found  in  the  formation,  and  the  traces  now  known  are  very 

iVoL  IV,  pp.  484-5. 
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meager,  though  sufficient  to  show  the  existence  of  marine  life. 
Tabes  of  AreniooUtes  (Soolithus)  occur  in  the  formation  in  Southenk 
Wisconsin  at  several  points  in  the  upper  horizons,  and  in  one  instance, 
in  beds  referred  to  the  base  of  the  formation.  Fucoidal  impressions 
also  occur  in  the  upper  layers.  In  Minnesota,  Prof.  N.  H.  Winchell 
has  found  a  small  Linguloid  shell  (Lmgvlepis  Morseneisjj  likewise 
in  the  upper  layers  of  the  formation.  The  organic  remains  so  far 
found  occur  exclusively  where  the  sandstone  was  compacted  by  some 
cementing  material,  which  sanctions  the  belief  that  the  rarity  of  fos- 
sils is  to  be  ascribed  to  the  porous  nature  of  the  rock,  which  is 
unfavorable  to  their  preservation. 

Method  of  Formation.  The  origin  of  the  formation  has  been  the 
subject  of  some  diversity  of  opinion,  but  the  remains  of  marine  life 
demonstrate  that  the  inclosing  portions,  at  least,  are  submarine  de- 
posits, while  the  character  of  the  grains,  the  ebb-and-flow  structure, 
the  ripple-marks,  the  shaly  laminations  and  conglomeratic  portions, 
as  well  as  its  relations  to  adjacent  formations,  confirm  the  conviction 
that  it  belongs  to  the  common  class  of  oceanic  sand  deposits. 

As  the  character  of  the  constituent  grains  has  been  occasionally 
appealed  to  in  support  of  quite  different  views,  it  may  not  be  im- 
proper to  refer  again  to  the  usual  method  of  formation  of  our  sand- 
stones, which  explains  precisely  the  characters  they  bear.  They  are 
derived,  in  the  main,  from  the  granitoid  and  schistose  rocks  of  the 
northern  Archaean  area.  These  are  composed  of  particles  of  quartz 
intermixed  with  a  variety  of  other  softer  and  more  decomposable 
crystalline  minerals.  In  the  metaraorphism  that  gave  origin  to 
these  minerals,  quartz  was  usually  last  in  crystallization  and  occupied 
the  angular  interstitial  spaces  between  the  crystals  that  had  already 
taken  shape,  and  hence,  while  crystalline  in  internal  structure,  it 
molded  itself  about  the  crystals  of  the  previously  formed  minerals. 
It  was  thus  angular,  but  not  in  its  own  appropriate  crystalline  form. 

Now,  upon  decomposition,  the  associated  minerals  were  mainly 
reduced  to  earths  and  clays,  while  the  undecomposable  quartz  re- 
mained in  angular  grains.  By  the  action  of  streams  in  carrying  these 
down  to  the  sea,  and  by  the  agency  of  the  waves  in  distributing 
them,  these  grains  were  sifted,  assorted,  rolled,  rounded  and  finally 
deposited  in  the  forms  in  which  we  now  find  them.  It  is  manifest 
that  while  the  majority  of  these  might  be  worn  into  somewhat 
spherical  grains,  others,  less  acted  upon,  might  remain  quite  angular. 
This  angularity,  however,  is  not  that  characteristic  of  freely-forming 
quartz  crystals.  That  the  form  of  the  grains  composing  the  great 
mass  of  the  formation  is  in  harmony  with  this  explanation  of  its 
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origin,  abundant  observation  has  shown.  In  the  original  crystalline 
rook,  occasional  cracks  and  cavities  occur  filled  with  secondary  quartz, 
which,  in  such  situations,  assumes  its  own  crystalline  form.  Such 
crystals  are  also  quite  common  in  the  Lower  Magnesian  limestone, 
which  was  somewhat  eroded  in  the  formation  of  the  St.  Peters  sand- 
stone. The  degradation  of  the  rock  inclosing  these  would  give 
points  and  fragments  of  true  crystals  of  quartz,  which  might  not  be 
so  far  worn  as  to  lose  their  characteristic  form.  Furthermore,  in  the 
sandstone  itself,  secondary  crystals  may  be  formed  after  deposition, 
just  as  they  are  in  adjacent  limestone  beds  where  their  secondary 
origin  is  unquestionable.  The  occurrence  of  true  crystalline  points 
and  facets  in  the  St.  Peters  sandstone  is,  however,  relatively  rare. 
The  angularity  of  the  grains,  which  is  sometimes  noticeable,  is  not 
appropriate  to  quartz,  but  to  the  circumstances  under  which  it  was 
formed,  as  above  explained. 

History,  Looking  at  the  foregoing  characteristics  of  the  forma- 
tion from  the  historical  standpoint,  they  seem  to  teach  the  following 
succession  of  events.  After  the  completion  of  the  Lower  Magnesian 
limestone,  with  its  peculiar  undulatory  surface,  there  was  perhaps 
an  interval  unrepresented  by  deposit  in  the  Wisconsin  series.  But 
this  is  not  certain.  The  surface  of  the  Lower  Magnesian  limestone 
is  eroded,  but  it  is  not  clear  that  this  might  not  have  been  accom- 
plished while  the  sandstone  was  being  deposited,  for  the  observed , 
erosion  is  upon  the  sides  of  the  mounds.  However  this  may  have 
been,  in  the  St.  Peters  epoch  a  shallow  sea  spread  over  the  uneven 
floor  of  limestone,  and  reached  northward  to  the  source  whence  the 
sand  was  derived.  This  may  have  been  the  Archaean  nucleus  at  the 
north,  or  the  Potsdam  sandstone  which  girt  it  about,  and  whose 
encircling  edge  may  at  this  period  have  been  lifted  to  the  surface, 
or,  at  least,  within  reach  of  the  waves.  The  sand  from  either  or 
both  these  sources,  as  the  case  may  have  been,  was  borne  backward 
by  the  waves  and  ocean  currents,  leveling  up,  first,  the  inequalities  of 
the  floor,  and,  at  length,  spreading  a  stratum  of  sand  over  the  whole, 
except  in  the  northeastern  part  of  the  State  where  the  Lower 
Magnesian  prominences  in  some  instances  still  kept  their  crests 
above  the  burying  sands,  and  excepting  also  scattered  Archaean 
knobs  which  still  stood  as  islands,  or  reefs,  disposed  as  a  little  archi- 
pelago in  the  south-central  portion  of  the  State. 

The  remoteness  of  the  source  of  the  sand  suggests  an  explana- 
tion of  its  uniformity  of  size  and  character.  Only  so  hard  a 
material  as  quartz  could  successfully  resist  the  wear  of  so  great  trans- 
portation in  the  to-and-f ro  method  of  sand  drift.    At  the  same  time, 
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exceptional  opportunities  were  offered  for  the  sifting  of  the  ma- 
terial. That  which  was  coarsest  was,  because  of  its  weight,  left 
near  the  original  shore,  while  that  which  was  lightest  was  borne  far 
out  beyond  the  shallow  wave-swept  depths,  leaving  the  winnowed 
grains  of  medium  size  over  the  intermediate  shallows.  These  are 
the  portions  now  exposed  to  observation.* 

A  modification  of  these  conditions  prevailed  in  the  northeastern 
part  of  the  State,  where  the  accumulation  was  thin  and  mingled 
with  finer  material,  perhaps  derived  from  the  Lower  Magnesian 
limestone,  whose  prominences  frequently  protruded  through  it. 
This  thinning  out  is  progressive  toward  the  northeast,  in  which  di- 
rection the  formation  is  last  seen  on  the  Peshtigo  river,  within  about 
four  miles  of  the  State  line.  Beyond  that,  in  the  Upper  Penin- 
sula of  Michigan,  the  present  geologist  of  that  State  does  not 
recognize  its  presence.  It,  however,  very  likely  maintains  an  in- 
terrupted existence  for  some  distance  beyond,  but  may  be  nowhere 
exposed. 

The  formation  is  not  known  at  the  east,  being  peculiarly  a  west- 
em  deposit.  The  Chazy  limestone  has  usually  been  considered  its 
eastern  equivalent.  To  the  westward  it  is  apparently  thicker  and 
more  uniform  in  depth  and  character,  and  the  same  appears  to  be 
true  as  it  is  traced  backward  from  its  margin  toward  the  south  and 
southeast,  as  indicated  by  borings  for  artesian  wells. 

State  Distribution.  As  now  exposed,  the  St.  Peters  sandstone 
occupies  a  narrow  area  fringing  that  of  the  Lower  Magnesian  lime- 
stone on  the  south,  and  stretching  in  an  irregular  course  from  the 
Lower  Menominee  river  on  our  northeast  border,  to  the  mouth  of  the 
Wisconsin  on  the  southwest.  North  of  the  Wisconsin  river  (Craw- 
ford and  Vernon  counties),  and  in  the  Lower  St.  Croix  region  (St. 
Croix  and  Pierce  counties),  there  are  isolated  areas  dissevered  by  the 
erosion  of  later  ages  from  the  main  body  of  the  formation.  South 
of  its  main  line  of  outcrop,  especially  in  Southwestern  Wisconsin, 
the  streams  have  cut  their  way  down  through  the  overlying  forma- 
tions into  it,  and  exposed  it  along  their  courses  in  the  peculiar 
branching  areas  shown  on  the  atlas  maps.  This  formation,  in  com- 
mon with  those  immediately  above  and  below,  dips  gently  to  the 
southeast  on  the  eastern  side  of  the  State,  and  to  the  southwest  on 

1  There  are  about  equally  good  reasons  for  thinking  that  the  retiring  Cambrian 
sea  carried  back  with  it  from  the  Archaean  region  the  material  of  the  St.  Peters 
sandstone.  If  so,  the  upper  portion  was  probably  re-wrought  by  the  advancing 
Silurian  sea,  for  the  sandstone  shows  no  signs  of  erosion,  and  is  perfectly  con- 
formable to  the  overlying  Trenton. 
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the  west  side.    The  maps  and  oross^iections  of  the  report  show  in 
detail  its  distribution  and  relations. 

American  Distribution.  In  its  tyjHcal  character,  this  formaticMi 
is  confined  to  this  immediate  region.  The  present  State  G^logist 
of  Michigan,  Dr.  Sominger,  has  not  recognized  its  presence  in  that 
State.  As,  in  North3astem  Wisconsin,  it  is  frequently  interrupted 
by  the  formations  above  and  below  coming  together,  it  probably  has 
but  a  limited  extent  in  that  direction.  It  occurs  in  northeastern 
Iowa  and  eastern  Minnesota,  but  is  unknown  beyond.  In  Illinois  it 
occurs  at  Or^on  on  the  Rock  river,  and  at  La  Salle  on  the  Illinois, 
where  it  is  brought  to  the  surface  by  an  arch  in  the  strata.  In  Mis- 
souri, the  Saccharoidal  sandstcme  is  probably  its  equivalent  Beyond 
this  Upper  Mississippi  region,  it  has  not  been  recognized.  The 
Ohazy  limestone  of  New  York  has  been  r^arded  as  its  equivalent, 
as  it  occupies  the  same  interval  in  the  series,  and  where  the  one  is 
present,  the  other  is  absent.  The  interval,  howevar,  includes  the 
horizon  of  the  Quebec  series,  and  perhaps  the  u{^)ot  porticm  of  the 
Calciferous,  so  that  the  reference  to  the  Chazy  epoch,  on  strati- 
graphical  grounds,  does  not  carry  much  weight.  We  have  felt  some- 
what inclined  to  refer  its  main  deposition  to  the  closing  Calciferous 
or  early  Quebec,  and  to  suppose  that  it  was  re-wrought  by  the 
advancing  sea  in  the  Chazy  or  early  Trenton  epoch,  the  remainder 
of  the  interval  between  the  Calciferous  and  Trenton  being  unrepre- 
sented in  our  series,  because  the  waters  had  retired. 

Tkenton  Pemodw 

The  Trenton  period  embraces  three,  and  perhaps  four  epochs,  viz.: 
that  of  (1)  Trenton  limestone,  (2)  Galena  limestone,  and  (3)  Hudson 
Eiver  shales.  Perhaps  the  St.  Peters  sandstone  is  also  to  be  here 
included.  It  was  probably  at  least  modified  and  rearranged  on  the 
surface  by  the  advancing  seas  that  deposited  the  Trenton  and  Galeua 
limestones.  It  seems  not  improbable  that  the  St.  Peters  sandstone 
was  formed  by  the  retiring  seas  of  the  previous  period,  and  was 
rearranged  by  the  advancing  sea  of  the  Trenton  period,  and  so^  in  a 
oertain  sense,  belongs  to  both.  If  it  be  included  here,  it  fills  up  the 
ideal  group  of  a  period,  viz. :  sandstone  at  the  base,  limestone  in 
the  center,  and  shale  at  the  top,  thus: 

Hudson  River  shales. 
Galena  limestone. 
Trenton  limestone. 
St.  Petars  sandstoneL 


Trenton  Period. 


I*l.ATK  N?VI 


HYl>0'rHKTI  *  A  I.     MAI'     l)K   THK     f.ANl> 

Tin:N"i'ON"'iM:uu)i> 

SUPERIOR         SEA 
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Tbenton  Epoch. 

Fia.  ZL  Synoptical  Notes.    Name  of  the  formation 

derived  from  Trenton  Falls,  N.  Y.,  where  it  is 

finely  displayed.    Rock  in  part  a  simple,  and 

in  part  a.  magnesian  limestone,  with  clayey 

Saonoir  fflustrattng  the  rolatiom  of    leaves  and  partings.    Beds  usually  thin  and 

UieTWiiton  limestone  (IV.)  to  the  St    undisturbed.     Fossils  abundant.     Formation 

PBteri  sandBtone  (SL  P.)  below,  and  to    usuaUy  shoy^  distinct  subdivisions,  which,  in 

the  Oaleoa  limestone,  (Gkk)  above.  xi.    t      ^        •  i  n  /»  i-        x 

the  Lead  region,  are  known  as  Buff  hmestone 

or  " Quarry  rock,"  and  Blue  limestone,  embracing  the  "Glass  rock.*'  To  these 
are  perhaps  to  be  added  the  '* Brown  rock'*  and  "Green  rock**  which  form  the 
transition  beds  to  the  Galena  limestone  above.  In  the  Rock  river  valley  the 
subdivisions  are.  Lower  Buff  limestone  (equivalent  to  Buff  above),  the  Lower 
Blue  limestone  (equivalent  to  Blue  above),  the  Upper  Buff  limestone,  and 
Upper  Blue  limestone  (probably  the  equivalents  of  the  "Brown  rock**  and 
"Green  rock**  above).  Total  thickness  about  115  feet,  often  considerably  less. 
Yields  large  quantities  of  zinc,  with  considerable  lead  and  copper,  in  the  south- 
western part  of  the  State. 

For  details,  see  Vol  II,  pp.  290-305  (CHiamberlin),  658-562  and  600-607  (Irving), 
680-683  (Strong);  VoL  IV,  pp.  8^-90  (Strong),  129-180  (Wooster),  205-238  and  845 
(Fossils,  Whitfield),  404,  412-415  (Chamberlin). 

A  change  of  oceanic  conditions  caused  the  deposition  of  sandstone 
that  had  marked  the  St.  Peters  epoch  to  give  place  to  the  formation 
of  limestone  which  characterized  the  Trenton  epoch.  The  change 
was  measurably  abrupt,  though  necessarily  not  without  a  slight 
admixture  of  the  two  formations.  Over  the  greater  portion  of  the 
area  exposed  to  observation  in  Wisconsin,  the  transition  was  accom- 
plished within  a  depth  of  scarcely  more  than  a  foot,  neither  the 
sand  being  notably  mingled  above,  nor  the  limestone  penetrating 
below  that.  In  the  lower  Kock  river  valley,  there  is  a  slight  alter- 
nation, consisting  of  about  four  feet  of  impure  sandy  limestone,  fol- 
lowed by  from  one  to  two  feet  of  sandstone,  above  which  follows 
the  limestone  proper.  The  upper  surface  of  the  sandstone  nowhere 
shows  erosion,  or  gives  other  evidence  of  an  interval  between  the 
two  formations.  It  is  manifest  that  so  erodable  a  formation  as  the 
St.  Peters  sandstone  could  not  long  suffer  exposure,  without  a  notable 
channeling  of  its  surface,  unless  it  had  remained  practically  at  the 
sea  level. 

With  the  return  to  limestone  formation  there  was  a  return  of  con- 
ditions favorable  not  only  for  the  abundant  existence  of  life,  but 
also  for  the  preservation  of  its  remains.  Indeed,  we  should  state 
the  conditions  in  the  reverse  order,  viz. :  there  was  a  return  of  con- 
ditions congenial  to  life,  and,  as  a  result  of  its  abundance,  limestone 
was  formed.  Life  was,  therefore,  the  important  circumstance  of  the 
age.    Countless  numbers  of  its  lower  forms  lived  in  the  seas,  and 
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left  their  remains  to  be  comminuted  and  oonsolidated  into  lime- 
Btone.  Following  the  dynamical  order,  this  life  first  demands  oar 
attention. 

Life.  The  fauna  of  the  epoch  waa  ample,  and,  with  the  exception 
of  the  Tertebratee,  embraced  representatives  of  all  the  greater  divis- 
ions of  the  animal  kingdom;  and  not  only  were  these  greater 
divisions  represented,  but  they  embraced,  even  at  this  early  period, 
the  larger  number  of  their  leading  sub-branchea.  Of  course  nothing 
is  positively  known  of  such  as  had  a  soft  structure  and  were,  there- 
fore^ unsoited  for  preservation. 

Fla  SB. 


TaBTRia  Muun  PLuns.    a.  Bnthotrephli  moeuleui  —  Hall. 


Plants.  The  flora,  if  flora  it  may  be  called,  where  no  flowers 
existed,  has  left  a  much  more  meager  record.  The  only  remains 
thus  far  found  are  impressions  of  sea-weeds,  and  those  are  but  ob- 
scure cylindrical  imprints  which  teach  us  little  of  the  real  nature  of 
the  plants  which  produced  thera,  beyond  what  is  inferred  from  their 
resemblance  to  living  forms.  To  the  genera  noted  as  occurring  in 
the  Potsdam  period,  Buthotrephis  and  Phytopaia  were  added.  Bu- 
thotrephu  gracilis,  and  B.  sucoulens  were  the  moat  abundant  speoles. 
Their  general  characteristics  are  illustrated  in  the  accompanying 
figures. 

Animala  Corals.  The  most  notable  addition  to  the  previous 
fauna  was  the  presence  of  both  branches  of  corals.  The  minutely- 
celled  Chsetetoid  Corals,  with  their  various  branch-like,  bntton  and 
puff-ball  forms,  were  represented  by  five  species.  The  "  Honey 
comb"  or  "Wasp's  nest"  Coral,  Columnaria  alveolata,  and  a  related 
Favositoid  form  are  occasionally  found.  The  "Cup-corals"  (Cyatho. 
phyUoid)  perhaps  surpassed  all  other  forms  in  their  numbers  — the 
"Calf  s  horn  "  Coral,  Strepidasma  (Petraia)  comicukim,  being  the 
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most  abandant  of  the  period.  These  sometimes  grew  in  colonies, 
forming  a  thickly  planted  patch  on  the  ocean  bed,  rivaling  in  pro- 
fusion, and  possibly  in  color,  those  of  to-day,  often  fitly  oomptffed, 
in  their  living  state,  to  a  bed  of  asters. 


T»»»TnN  CnfUTji,  a.  Montloulipora  Dalel  —  Ed.  and  H.  6.  Surface  of  Bftrne  cnlarBed.  e.  Ohm- 
Mm  pulL-hcLla3-~>'lghi::UoiiCiculipoia  flbrasa ^ Ooldf .  d.  Surface  oC  same  enlarged,  e.  0. 
(MoDticiilipora)  lycoperdon  —  S»j,  ff.  Profile  Tlew  of  C  (MonUculipora)  disooideuB— Jamea. 
k.  Same  seen  frotn  above.  I.  Ooncaie  lUMtaMurface  ot  same.  J.  SCrepMUama  (PeCnJa)  cornlcu- 
lum  — Hall.    k.  Cokimnoris  alreolata  —  Ooldf .    1.  Sticto^ra  el^antula— BaB.    m,  PUlodlctya 


Peculiar  Lower  Forms.  Those  singular  ani- 
mals, the  Graptoliteg,  were  represented  by  three 
or  more  species.  A  form  referred  doubtfully  to 
the  peculiar  genus  Otdhamia  has  been  found. 
Still  lower  in  the  scale,  an  obscure  form  of  Sponge 
indicates  that  even  this  piant-like  animal  then 
lived,  and  suggests  that  the  border  line  between 
the  great  hfe  kingdoms  was  occupied  then,  as  now. 

Ormoids.  The  Cfrinmda,  the  "  stone  liUes "  of 
the  ancient  seas,  .presented  several  species,  though 
only  fragments  have  usually  escaped  destruction. 
These  animals,  whose  bodies  resemble  closed  star- 
fishes and  sea-urchins  inverted,  were  supported 
on  a  stalk  formed  of  calcELreous  discs,  and  rooted 
like  plants  to  the  searbottom.  At  death,  the 
body,  or  "  head,"  which  is  composed  of  jointed 
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plates,  commonly  fdl  to  pieces, 
and  only  the  ficattered  {dates 
remain.  The  stem  osnally  sep- 
arated into  its  coostitnent  discs 
(the  little  "grindstones "of  the 
boys),  thongh  fragments  sev- 
eral inches  in  length  occasion- 
aUy  remain.  The  great  nnmber 
of  discs  and  fragments  of  stems 
implies  an  abundance  of  Crin- 
oids,  thongh  complete  forms, 
or  even  dissevered  heads,  are 
rare. 

Bryasoaiu.  Bryozoaos  Oonr 
ished,  and  left  their  delicate 
coralline  secretions,  rivaling  in  beaaty,  and  surpassing  in  deUcacy 
true  corals. 

Bracbiopods.  Brachiopods  —  animals  of  Hollnscan  aspect  and 
Annelidan  atfinjties  —  were  the  predominant  type  of  the  age. 
They  not  only  existed  in  great  numbers,  bat  belonged  to  several 
genera  embracing  many  species.  Upwards  of  forty  species  have 
been  identified  from  the  rocks  of  the  State.  Because  of  the  preva- 
lence of  this  type  in  this  and  the  succeeding  ages,  Brachiopods  have 
probably  been  more  relied  upon  than  any 
other  forms   in  determining   the   succession 

Iand  equivalency  of  strata,  where  stratigraph- 
ical  evidence  is  wanting.  Tho  genera  Lin- 
ijula,  DUcina,  Crania,  and  Rhynchonella 
liave  lived  through,  in  some  of  their  species, 
to  the  present  time,  and  stand  as  remarkable 
examples  of  persistency  among  changing 
J'l^'^r^^'^  scenes  and  varying  life-forms.'  Other  gen- 
tbe  AUnnuc  a.  od  of  into-  era,  as  O/ihis  and  LepUena,  had  long  life- 
ffuia  BMeri -whiu—ihowioB  histoncs.  iLVGU  some  spcciGs  mamtamcd  a 
^.  El-  scarcely  modified  existence  through  great 
stretches  of  time. 


<  It  lias  or  lat«  been  customarjr  to  refer  aU  the  earlier  species  of  lingviloid 
ahelU  to  olher  genera  than  Liogula,  as  Lingulepis  and  LiDgulella,  and  to  main- 
tain that  true  Lingulje  did  not  then  exist.  But  the  recent  investigationa  of 
Frof.  Whitfield  have  demonstrated  the  existence  of  Trenton  Linfjulse,  at  least, 
uid  have  rejustitied  former  assertions  as  to  their  great  antiquity. 


ror  Lingala  Elderi. 
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Of  the  more  than  forty  species  fouad  in  the  State,  the  following 
may  be  selected  as  best  charaoterizing  the  formation,  though  most 
of  them  extend  upward  into  the  two  following  horizons,  which,  how- 
ever, are  bat  subdivisions  of  the  Trenton  group:  Orthis  leUaa-ugoaa, 
0.  lynx,  O.pectineUa,  O.  plicateUa,  O.  perveta,  O.  tasiudinaria,  O.  attb- 
equata,  0.  tric&tiaria,  Str^torynkihus  ddtoideum,  S.  jUUesi^ian,  8. 
d^flecbiMa,  Stirophomena  altemata,  and  Lqatomaterioea. 


TBBinnr  BucnnipoDa. 


id  b.  Orthli  lyni 


.    a.  O.Bf 

i.  boratUli.  k  %ai  i.  Lepteena  nrlc«*— 
Sowr.  m.  Section  of  uoe.  n.  Strophomeaanltenutca  — Conrad,  o.  8.  rugoaa.  p.ganAr.SUn, 
dorulaud  TeDtml  vlewB  of  ZTKosplra  recurviroatis— Hall,  t,  t  uid  u.  Bhjncho&elU  capkK— 
Connd.     (Dana  and  LogBn  FIgB.). 

Zamellibrancha.  The  true  Mollusks,  the  LameUihranchs  —  animals 
of  the  clam-type  —  are  we'l  represented  among  the  fossils  of  the 
period.  They  all  belonged  to  the  four  genera  Ambonychia,  TdU- 
namya,  Cypricardite«,  and  Modiolopets.  Cypricardites  is  represented 
by  seven  species,  and  Telliaomya  and  Ambonychia  by  five  each,  be- 
side some  undetermined  forms  referable  to  each  genus.  Some  of 
the  species  are  very  closely  similar  to  each  other,  and  difficult  to 
distinguish  specifically.  Some  of  them  are  very  abnndant,  and 
have  not  been  found  to  rise  into  the  succeeding  beds,  and  hence  are 
valuable  guides  in  determining  the  horizon.  Their  gener^  oharao- 
teristics  are  illustrated  in  the  accompanying  figures. 
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Gagteropoda.  Among  univalves,  tirenty-fonr  species  of  Gatteropoda 
are  known  to  have  been  present.  Many  of  these  seem  to  so  closely 
resemble  the  snails  of  the  present  day  that  they  are  often  regarded  as 
each  by  nDpractioed  observers,  quarry  men,  and  others.  Closer  in- 
spection, of  coarse,  reveals  their  distinctness.  Several  of  these  were 
not  fomid  in  the  rocks  of  the  later  periods,  and  are  highly  charao- 
teristic  of  this  horizon.  Among  such  may  be  mentioned  Bdicotr 
oma  planulata,  Sa^hitioma  lenticularit,  £.  Nasont,  Troehoneata 
FUL  U. 


TuirroH  LuRLUBBU'CHS.   D.  Hodloloiwla  pUn&  — Han.    b.  Teltlno 

—  Hall.    d.  Cjprieamile*  rottuulotus  — H»ll.    e.  C.  itaitrii-oaus  — Hall.    /.    C.  Klol»— 
/.  C,  Hegfunboniu— Wbitt.    \.  Ambonjcliia  Ismellovi  -  Hall.    L  A.  attedu&ta  — Hall. 

,  Pleurotomaria  subconica,  Marchisonia  gracUia,  and 
Maclurea  Bigshyi.  Tbo  second,  fourth,  fifth  and  sixth  of  these  ex- 
tend into  the  imtnodialely  succeeding  beds  in  the  northeastern  part 
of  the  State,  where  the  two  horizons  coalesce  and  possess  a  common 
character. 

Jleieropoda.  The  closely  similar  Mollusks,  classed  as  Heteropodi, 
were  quite  abundant  and  characteristic,  Bacania  hidorsata,  Bel- 
lerophon  hUdbatua  and  Oyrtolites  ooinpreasus  being  the  leading  species. 
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Pteropods.    Of  the  Pteropods  there  were  three  known  genera, 
represented  by  one  species  each,  viz. :   JSscttliotnpAaiua  vtndulatm, 
Pterotfuca  attenwUa,  and  MyoHthes  Bacorvi. 
Tla.  as. 


TuRTon  OinxBOPOiM.  a.  UurchlsoaiB  Hellcteree  —  Salter,  b.  H.pagods— Salter.  ■:.  H,  grao- 
flla  —  BaD.  d.  Rapbiatoma  lentEcularia  —  Bovr.  e.  R  NsBOai  —  Ball.  /  Crclonema  percoil- 
nala— Hall.   0,  Fleurotomaiia  BUbconlca  — 


\.  Trochonema  B 


— HalL    >.  SubullleaelongBtua  — CoDTBil.    Hellcotoma  plSDulata— Salter. 

Cephtdopods.  But  the  largest,  most  remarkable,  and  probably 
most  highly  organized  of  the  Molluska,  were  the  Cephalopoda,  which 
sometimes  attained  giant  dimensions.  The  Cuttle-fishes  and  Squids 
of  to-day  represent  the  type,  and  probably  closely  resemble  the 
ancient  extinct  species  in  respect  to  the  animal  itself,  but  not  at  all 
in  regard  to  its  protecting  shell.  The  modern  Pearly  Nautilus  more 
nearly  represents  them  in  this  respect.  The  ancient  order  possessed 
a  straight,  curved,  or  coiled  shell,  divided  into  a  series  of  chambers 
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by  thin  plates  (septa),  which  were  perforated  in  the  center  or  toward 
one  side  by  a  tube  (sipfmncU),  connecting  the  various  chambers. 
The  outermost  chamber  was  the  largest,  and  the  only  one  supposed 
to  have  been  occupied  by  the  animal.  As  the  Mollusk  grew  and 
became  too  large  for  bis  chamber,  he  is  supposed  to  have  moved  for- 
ward and  partitioned  oEF  the  abandoned  space,  by  the  secretion  of 
a  new  septum. 


TKBBTOS    HcTBROPr 

lia  — So»r.  tCjTiol 

Whltt.    0.  PteroChecaatteniuU  — Ball. 

In  the  Trenton  epoch,  the  Ceplialopods  were  largely  of  the  straight- 
shelled,  or  Orthoceratite  type,  There  were,  however,  those  of  curved 
shells,  as  Cyrtoceraa,  and  of  coiled  shells,  as  Gyroceras  and  lAtuitea. 
The  Orthoceratites  sometimes  attained  a  diameter  of  nearly  a  foot, 
and  a  length  of  12  feet  or  15  feet.    Their  great  size  and  cylindrical 
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form  give  rise  to  the  popular  improssion  that  they  are  fossilized  ser^ 
pentfi.  When  spht  longitadinoUy,  as  they  not  unfreqaently  are  by 
the  fractaring  of  the  rock,  the  siphnncle  and  septa  give  an  appear- 
ance resembling  the  baokhone  and  ribs  of  a  vertebrate,  seenuBgly 
confirming  the  impression  that  they  are  snakes  or  fishes,  forms  only 
found  in  much  later  ages.  Upwards  of  thirty  species  of  Trenton 
Cephalopods  occur  in  the  State,  of  which  the  following  may  bo 
mentioned  as  representative:  Orthocerat  jvmcewm,  0.  multicaniavr 
Fio.  35, 

If  ^       i 


turn,  Actinocerat  ( Orthoctras)  BdoiiefMe,  Ormocereu  tetiuifilum, 
Endocertu  amniUatwn,  Oonioeeraa  anceps,  and  Ziiuites  octndenkUis. 
The  giant  forms  of  this  class  were  doubtless  masters  of  the  seas,  and 
ppeyed  upon  such  inferior  animals  aa  were  not  agile  enough  to  escape 
them,  or  were  unprotected  by  shells  or  other  defenses. 

Annelida.  The  calcareous  bottom  of  the  ocean  was  apparently 
uncongenial  to  the  sand-boring  Annelida,  but  occasional  worm-like 
tabes  imply  at  least  their  limited  existence. 

(kvitaoeant.  Among  the  0-uata<xam,  there  were  large  numbers 
of  the  little  Entomostracans,  Lej>erdUiafabulitea,  which  protected  its 
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back  by  growing  a  pair  of  mollusk-like  shells.  Certain  layers  just 
above  the  St.  Peters  sandstone  are  thickly  strewn  with  these  little 
shells. 

TrUdbiUa,  which  were  bo  preponderant  in  the  Potadam  period,  still 
held  a  prominent  place  in  the  Trenton  seas,  thoogb  now  dominated 


TBBROiTiuiABtnn    a  CalrmeneBeDarfai  — Oonnd    b  Anterior  Ttev  of  the  aams.   ■ 
Ttow  of  the  nme    d   ninnuicmMlcauda— Wahl    e   I  o*atui  — Conrad.  /    Ceisiui 
Uiemui— Green     f  Auphui  Susa  — CalTfo     K  DalmaoU  calllcephaJm  — B&lt.     i.  A.  fflsw  — 
DKaj    i  LeperdlUafabultua~Coimd  (An  Bntomaitneui ) 

by  the  great  Orthoceratites,  The  genera  of  this  epoch  are  all  new, 
embracing  Ctdyrnene,  AsapAva,  lUcenua,  Cermvrua,  Enennunia  and 
Dalmania.  The  remaina,  m  before,  are  mainly  disjointed,  consist- 
ing of  detached  glabellse,  cheeks,  pleura,  and  pygidia.  The  largest 
of  the  Trilobites,  Asapkua  gigaa,  sometimes  attained  a  length  of  one 
foot.  Calymene  aenaria,  lUoBmia  eraaaicauda,  I.  ovatus,  I.  taurus, 
Ceraurua  pleuresEanthemua,  and  Dalmania  callicephaljn  are  among 
the  representative  species. 
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General  Rema/rka  on  Life.  Comparing  this  fauna  with  that  of 
the  Potsdam  period,  the  most  striking  contrasts  are  in  the  great  de- 
velopment of  the  large  Cephalopods,  the  appearance  of  abundant 
Lamellibranchs,  the  great  increase  in  number  and  variety  of  the 
Gkisteropods,  the  apparent  introduction  of  Corals  of  diverse  branches, 
the  increase  of  Crinoids,  and  the  decline  of  Trilobites  —  on  the  whole, 
a  much  ampler  and  more  diversified  life-series.  A  part  of  this 
greater  amplitude  is  undoubtedly  due  to  more  favorable  conditions 
of  preservation,  but  there  was  doubtless  a  real  increase  in  the  num- 
ber of  living  individuals  and  in  the  variety  of  forms.  It  is  to  be 
remarked,  however,  that  the  striking  differences  between  the  faunas 
of  the  two  periods  are  more  apparent  than  real,  when  viewed  more 
comprehensively  than  from  the  standpoint  of  State  formations  — 
less  real,  indeed,  than  all  known  collections  appear  to  indicate;  for 
while  the  Potsdam  sands  were  being  collected  along  the  shore  and 
in  the  shallow  seas,  there  were  probably  more  quiet  areas  of  cal- 
careous accumulation  elsewhere,  where  species  adapted  to  such  con- 
ditions, like  those  of  the  Trenton  fauna,  may  have  abounded.  On 
the  other  hand,  while  in  our  region  quiet  seas  prevailed  during  the 
Trenton  epoch,  fostering  the  life  we  have  just  described,  there  doubt- 
less were  sandy  bottoms  and  shallow  seas  elsewhere,  where  species 
loving  those  conditions,  and  more  allied  to  the  Potsdam  fauna,  pre- 
vailed. It  is  to  be  confessed,  however,  that  either  observation  has 
not  determined  such  contemporaneous  faunas,  or  else,  which  is  quite 
possible,  they  have  not  been  correctly  correlated.  Notwithstanding 
such  qualifications,  however,  it  is  quite  necessary  to  observe  that 
while  the  great  types  remained  essentially  the  same,  there  was  a 
very  important  change  in  the  special  forms  —  a  vastly  greater  change 
so  far  as  the  record  shows,  than  took  place  in  the  corresponding 
types  in  all  the  Tertiary  age. 

Contribution  of  lAfe  to  Rock  Formaiion.  As  the  ages  crept  on, 
successive  generations  of  these  low  forms  of  life  died,  and  contrib- 
uted their  dust  to  the  slowly  growing  sediments.  Though  the  con- 
tribution of  each  little  being  was  small,  the  total  result  in  the  lapse 
of  time  was  an  important  accumulation.  Earthy  matter,  borne  back 
from  the  land,  mingled  with  the  calcareous  contributions  of  life,  so 
that  layers  of  shale  alternate  with  those  of  hmestone,  and  shaly 
leaves  and  partings  occur  in  the  limestone  beds. 

DoUmdzoMon  of  the  Beds.    The  rock  is  partly  magnesian  and 

partly  simple  limestone  and  this  peculiarity  deserves  passing  notice. 

The  stony  parts  of  marine  animals  are  mainly  simple  carbonate  of 

lime.    Their  comminuted  remains  should,  therefore,  form  simple 
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limestotie.  But  the  ancieiit  limestones  aie  nearly  all  magnesian. 
EsMntiallj  all  the  limestones  in  Wisconsin,  ezo^  that  onder  consid- 
eration,  are  so,  and  ewea  this  is  partiaUj  magnwrian  It  is  interest- 
ing to  obserre  that  the  portions  that  are  not  magnesian  are  the 
more  compact  parts,  which  hare,  for  that  reason,  been  less  p^me- 
ated  by  modifying  agencies.  It  is  important  to  obserre,  farther, 
that  magnesian  and  non-magnesian  limestones  occupy  the  same 
horizon  in  adjacent  districts.  In  the  lead  region  of  Sonthwestem 
Wisconsin,  simple  limestones  consdtnte  the  same  strata  that  in  the 
Bock  river  valley  are  foond  to  be  quite  highly  magnesian.  The 
only  apparent  reason  for  di^cmization  in  the  one  r^on  and  not  in 
the  other,  is  the  somewhat  coarse,  porous  texture  of  the  one,  and 
the  finegrained,  compact  character  of  the  other.  Without  enter- 
ing upon  all  the  considerations  that  bear  upon  the  subject,  it  seems 
highly  probable  that  the  greater  portion  of  the  dolomization  tock 
place  while  the  sediments  were  yet  beneath  the  depositing  ocean, 
and  that  it  was  effected  by  the  reaction  of  the  magnesia  of  the  sea- 
water  upon  the  calcareous  deposit,  forming  the  double  carbonate  of 
lime  and  magnesia,  in  place  of  the  simple  carbonate  of  lime — the 
comminuted  product  of  oiganic  remains. 

The  Trenton  strata,  and  they  may  be  taken  as  typical  of  magne- 
sian limestones  generally,  derived  the  material  of  their  growth 
from  three  sources:  1st,  the  stony  parts  of  marine  life  (which 
the  animals  derived  by  extraction  from  the  sea- water);  2d,  fine, 
earthy  wash  from  the  land,  and  3d  (probably)  the  chemical  con- 
tribution of  magnesia  from  the  ocean. 

ScBORDDTATE  DIVISIONS.  Lowev  Buff  Limegtone,  In  the  slow 
progress  of  growth  there  were  variations  both  in  the  life  and  in 
the  attendant  oceanic  contributions.  There  was  first  formed 
upon  the  St.  Peters  sandstone  a  stratum  of  rather  rough,  coarse, 
thick-bedded,  magnesian  limestone,  somewhat  impure  from  the  pres- 
ence of  earthy  constituents  and  not  very  fossiliferous,  owing,  for  the 
most  part,  to  the  disintegration  of  the  life-remains.  This  stratum, 
whose  thickness  may  be  estimated  at  25  feet,  is  designated  the  Buff 
limestone.^  The  original  color  was  really  a  bluish  gray,  but  on 
weathering,  the  protoxide  iron  compounds  changed  to  the  hydrated 
sesquioxide,  producing  a  light  buff  color. 

Lmoer  Blv^  Limestone.  A  slight  change  ensued  on  the  comple- 
tion of  this  stratum.  Its  upper  layers  were,  in  some  parts,  slightly 
worn  and  smoothed,  probably  by  wave  action,  and  a  slightly  different 

1  This  is  the  "  Quany  rock  "  of  the  Lead  region. 
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formation  ensued.  The  worn  surface  and  the  character  of  the  suc- 
ceeding life  suggest  that  this  was  due  to  a  shift  of  currents  and  a 
lessening  of  depth,  but  it  was  an  altogether  trivial  circumstance  in 
geological  history.  There  followed  an  accumulation  of  thinner 
layers,  separated  by  shaly  partings,  indicating  that  the  earth-wash 
was  relatively  greater  thnn  before.  The  conditions  for  the  burial 
and  preservation  of  organic  remains  were  more  perfect,  and  their 
mummied  remains  are  now  disentombed,  after  the  long  lapse  of  in* 
tervening  time,  in  wonderful  perfection.  This  is  peculiarly  true  of 
the  strata  in  the  Lead  region  locally  known  as  "  Glass  rock  "  (includ- 
ing the  '*  Upper  Pipe  Clay  "). 

Upper  Buff  Limestone.  After  the  accumulation  thus  of  an 
average  thickness  about  equal  to  that  of  the  stratum  below  — the 
deposit  being  designated  the  Lower  Blue  limestone  —  there  was  a 
return,  essentially,  to  the  conditions  before  prevalent.  This  gave 
rise  to  a  second  buff  limestone  whose  maximum  known  thickness  in 
the  Bock  river  valley,  where  it  is  best  characterized,  is  55  feet.  It 
is  closely  similar  to  the  Lower  Buff  limestone.  (Special  character- 
istics, VoL  n,  p.  295.) 

Tipper  Blue  Limestone,  Afterward,  by  a  second  reversal  of 
oceanic  conditions,  a  shaly  limestone,  like  the  blue  limestone  below, 
was  built  up  to  the  moderate  thickness  of  15  feet,  constituting  the 
Upper  Blue  limestone.     (Vol.  II,  p.  296.) 

These  alternations  are  best  characterized  in  the  Rock  river  valley, 
but  have  their  apparent  equivalents,  in  the  Lead  region,  in  the 
"  Buff  limestone,"  "  Blue  limestone,"  "  Brown  rock,"  and  "  Green 
rock  "  of  that  region.  (Vol.  II,  pp.  681-2  and  695,  and  Vol.  IV, 
pp.  412-414.)  It  is  worthy  of  remark  that  with  each  change  of 
circumstances  there  was  a  corresponding  change  of  life,  the  faunas 
of  the  two  Buff  strata  being  nearly  identical,  as  were  likewise 
those  of  the  Blue  limestones.  In  the  former  case,  Lamellibranchs 
and  great  Orthoceratites  were  conspicuous,  and  in  the  latter,  Brachi- 
opods  and  Bryozoans.  In  addition  to  the  testimony  of  fossils,  a 
wealth  of  life  is  indicated  by  interstratified  carbonaceous  shales  at 
some  horizons,  which  yet  retain  sufficient  combustible  organic  residue 
to  take  fire  when  heated,  and  to  bum  with  a  bright  yellow  flame. 

Metallic  Deposits.  If  we  interpret  correctly,  there  was,  d  uring 
the  growth  of  these  sediments,  another  and  important,  though  not 
bulky,  contribution,  in  the  form  of  metallic  deposits.  In  the  south- 
western portion  of  the  State,  rich  zinc  mines,  and  less  important 
ones  of  lead  and  copper,  occupy  this  horizon.  Our  view,  as  else- 
where elaborately  explained   (Vol  IV,  pp.   867-576),  is  that  the 
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metallic  material  was  accumulated  simultaneously  with  the  rock- 
fonnation  itself,  being  extracted  and  precipitated  from  sesrwater  by 
the  agency  of  life  and  its  decomposition-products.  The  oceanic 
currents  passing  over  the  region  are  held  to  have  been  locally  en- 
riched by  metallic  substances  derived  from  the  metalliferous  lands  of 
the  north.  The  metallic  material  thus  deposited  in  a  disseminated 
condition  through  the  sediments,  was  subsequently  concentrated  in 
the  fissures,  openings  and  soft  portions  of  the  formation,  by  the  per- 
colation of  atmospheric  waters,  charged  with  oxygen,  carbonic  acid, 
and  organic  substances  which  extracted  the  ore  from  the  rock,  and 
redeposited  it  where  now  found,  substantially  as  explained  in  detail 
in  the  report  cited. 

State  Disl/nbution.  The  Trenton  limestone  appears  as  a  surface 
formation  skirting  the  area  of  the  St.  Petefs  sandstone,  and  like  it, 
eroded  go  as  to  present  a  ragged  and  interrupted  outline,  which  can 
only  be  appreciated  by  consulting  the  maps.  In  general,  it  may  be 
said  to  form  an  irregular  band  stretching  from  the  Michigan  lin6,  a 
few  miles  above  the  mouth  of  the  Menominee,  southward  through 
the  Green-Bay-Rock-River  valley  to  the  southern  limit  of  the  State, 
and  to  be  extensively  exposed  in  the  borders  of  the  river  valleys  of 
the  southwestern  portion  of  the  State,  and  to  occupy  some  small 
areas  in  St.  Croix  and  Pierce  counties,  in  the  northwestern  portion. 
Like  all  the  associated  Palaeozoic  formations,  it  originally  extended 
considerably  further  toward  the  center  of  the  State,  and  has  been 
worn  back  by  the  erosion  of  the  ages. 

Americcm  Distribution,  This  formation  constitutes  an  almost 
continuous  belt  eastward  to  Quebec,  and  northwestward  to  an  unde- 
termined distance  in  the  British  possessions.  Eastward,  leaving 
Wisconsin  a  few  miles  to  the  west  of  Green  Bay,  it  curves  eastward 
through  the  upper  peninsula  of  Michigan,  concentric  with  the  curve 
of  Lake  Michigan,  and,  crossing  the  straits,  appears  at  intervals  in 
the  islands  north  of  Lake  Huron,  and  passes  beneath  Georgian  Bay, 
reappearing  near  its  southeastern  extremity,  from  whence  it  strikes 
southeastward,  to  the  foot  of  Lake  Ontario,  and  crossing  into  New 
York,  swings  entirely  round  the  Adirondacks,  occupies  the  Lower 
Ottawa  basin,  from  whence  it  stretches  down  the  St.  Lawrence 
valley  to  the  enlargement  of  the  river  below  Quebec,  beyond  which 
its  horizon  is  concealed  by  the  waters  of  the  river. 

Tracing  westward  from  Wisconsin,  its  outcropping  edge  appears 
as  an  irregular  belt  in  northeastern  Iowa,  whence  it  stretches  north 
to  the  vicinity  of  St.  Paul,  and  thence,  passing  at  first  southwest- 
ward,  it  recurves  to  the  northwest,  and  extends  along  the  base  of  the 
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Archaean  belt  for  an  andetermined  distance.    It  appears  also  on  the 
op()osite  side  of  the  Archaean  belt,  in  the  Hudson  Bay  basin. 

Along  the  Appalachian  belt  it  occurs  also  from  New  Jersey  to 
Alabama.  It  occupies  a  limited  area  in  Missouri,  and  in  southern 
IlUnois.    In  the  western  mountains  its  area  has  not  been  defined. 

Galena  Epoch. 

^     07  Synopsis  qf  Characters.    Formation  named  from 

the  lead  ore,  galena,  contained  in  it,  and  from  its 

typical  exixysures  at  Ghilena,  IlL    Consists  of  buff, 

coarse-grained,  thick-bedded  dolomite,  underlain  by 

SnrnoN  illustrating  the  rela-    Trenton  limestone,  and  overlain  by  Hudson  River 

tkiDs  of  the  Galena  Umestone    (Cincinnati)    shales.     Thickness   about   250   feet 

^iy*^i]So^aIrtfSii*H^d^    Changes  to  more  argillaceous  character  to  the  north- 

lUw  shaioe  iH  R )  above.  ®*®*  *^^  northwest.    Fossils  not  well  preserved* 

Flint  abounds  at  certain  horizons. 
For  details  see  VoL  II,  pp.  805-314  (Chamberlin),  562  (Irving),  68a-685  (Strong); 
VoL  IV,  pp.  90-91  (Strong),  23&-247  (Fossils,  Whitfield),  404,  407-410  (Chamber- 
lin). 

Oceanic  Conditions,  Appe<irance  of  the  Central  Arch.  A  slight, 
bnt  important,  change  of  oceanic  conditions  closed  the  Trenton 
epoch,  and  inaugurated  the  Galena.  Limestone  formation  con- 
tinued, but  its  character  was  affected  by  the  new  circumstances. 
At  this  stage  the  growth  of  the  State  seems  to  have  first 
been  visibly  affected  by  what  afterward  became  one  of  its  lead- 
ing strat {graphical  features.  As  the  strata  now  lie,  they  form 
a  low  arch  having  a  north  and  south  axis,  extending  through 
the  center  of  the  State,  broad  at  the  north,  and  naiTowing  and 
dying  away  at  the  south.  The  strata  on  the  eastern  side  slope 
toward  Michigan,  which  occupies  a  broad  stratigraphical  depression, 
and  on  the  west  toward  Minnesota  and  Iowa,  which  occupy  a  simi- 
lar basin  on  that  side.  During  the  epoch  on  which  we  are  now 
entered,  these  broad  features  apparently  began  to  be  developed. 
Subsiding  gulfs  commenced  to  form  on  the  east  and  west,  with  the 
Wisconsin  axis  projecting  southward  between  them. 

While,  therefore,  limestone  continued  to  be  deposited,  it  was  modi- 
fied by  these  conditions.  Over  the  low  arch  in  the  southern 
portion  of  the  State  there  accumulated  a  coarse-grained,  rough, 
uneven-textured,  thick-bedded,  more  or  less  cherty  and  often  brecci- 
ated,  dolomitic  deposit,  which  has  received  the  designation,  Galena 
limestone.  The  present  survey  has  demonstrated  that,  as  this  is 
traced  northeastward  obliquely  down  the  side  of  the  arch  and  into 
the  area. of  the  gulf-like  depression  of  Michigan,  it  gradually 
changes  to  a  finer-grained,  more  argillaceous  limestone,  indicating  a 
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more  protocteJ  and  quiet  sea-bottom.  Similar  tacts  are  indicated 
by  the  examinations  of  the  Iowa  and  Minnesota  geologists,  with 
reftirence  to  the  fonnation  ia  the  western  basin. 


J^^J^<^'^^\ 


Life.  The  character  of  the  life  is  accordant  with  these  circum- 
stances. In  the  coarse  limestone  of  the  arching  area,  very  few  well- 
preserved  fossils  are  found,  and  these  are  such  as,  from  their  oatare, 
conld  withstand  the  somewhat  rough  conditions  attendant  upon 
their  exposed  position  upon  the  swell  erf  the  ocean  bed.  The  most 
abundant  and  characteristic  of  these  is  the  wonderful  "Sunflower" 
or  "Lead  Coral"  ( Receptaculitea  Oioeni),  wliich  is  highly  character- 
istic of  the  formation.  The  real  nature  of  the  organism  is  not 
known,  but  it  is  regarded  as  a  gigantic  Foraminifer.    Perfect  speci- 
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mens  of  the  fossil  bare  never  been  found.  In  the  most  complete 
condition  in  which  it  has  been  observed,  it  consists  of  a  flat  disc 
occasionally  reaching  nine  inches  or  more  in  diameter,  and  varying 
in  thickness  from  one-eighth  or  one-fonrth  of  an  inch  at  the  center 
to  nearly  an  inch  at  the  circumference.  The  disc  is  symmetrically 
perforated  with  vertical  tubes  disposed  in  lines  like  the  chasing  on 
a  watch.  The  surface  markings  are  illustrated  in  the  accompanying 
figure,  which  is  from  a  photograph  of  the  most  perfect  specimen  yet 
known  to  have  been  found.'  The  disc  is  regarded  as  only  the  basal 
portion  of  the  organism.  Mr.  Billings,  the  late  eminent  Falteon- 
tologist  of  the  Canadian  snrvey,  maintained  that  this  basal  disc  was 
surmoonted  by  a  conical  dome  of  similar  structure,  inclosing  a 
cavity  within.  Smaller  spe- 
cies in  other  regions,  and 
formations  where  cfjndi- 
tions  of  preservation  were 
better,  illustrate  this  struct- 
ure, Mr.  C.  C.  Warner  pre- 
sented the  writer  with  a 
specimen  from  Freeport, 
111.,  that  quite  clearly  ap- 
peared to  consist  of  a  por- 
tion of  the  base,  with  a 
portion  of  the  crown  still 
attached.  It  is  in  harmony 
with  all  attendant  circum- 
stances to  suppose  that 
this  conical  or  napiform 
organism,  resting  upon  its 
broad  base,  was  able  easily 
to  resist  all  forcible  action 
while  living,  and  that  after 
death,  the  bottom,  resting 
flatly  upon  the  ocean  bed, 
and  possibly  somewhat  im- 
bedded in  it,  sometimes  re- 
mained whole,  while  the 
crown  was  crushed  in  and 
is  never  known  to  have 

CHARAnrriaTTo  Oiuha  Fowtti      «.  FusIb 
gnu  —  Hall      b  HurchlBODla  major  —  Hall    e  lAogulm 
quadrate     Elcb  ■    d  CoaululaTreiitaaeDBls~Hall 


Another     characterisbio 


1  Kindly  loaned  by  Dr.  D.  S.  Clark,  of  Bockfonl,  Ul 
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fossil  occasionally  found  is  Lmgvla  quadratay  whose  shell,  by  virtae 
of  its  phosphatic  character,  was  better  adapted  to  resist  disintegrat- 
ing, agencies,  than  simple  calcareous  shells,  as  remarked  of  the  Pots- 
dam Lingulad. 

A  third  characteristic  fossil  is  a  large,  stout  Qusteropod,  Mmrchr 
isonia  ttuhqot^  or  JfcT.  heUidncta^  var.  major^  either  of  which  naiknes 
implies  a  fitness  to  battle  with  hostile  conditions.  While  these  are 
not  only  the  characteristic,  but  nearly  the  only  large  fossils  that 
are  commonly  found,  small  Brachiopods  and  Corals,  with  fragments 
of  many  other  forms,  occasionally  occur.  There  are  also  frequent 
worm-hke  tubes.  The  surface  of  many  layers  is  plated  with  a 
tangled  mesh  of  cord-like  sea-weed  impressions,  indicating  their 
abundance. 

The  rarity  of  well-preserved  fossils  is  not  to  be  interpreted  as  evi- 
dence of  scantiness  of  life,  but  as  an  index  of  moderately  forcible 
sea-action  —  not  so  violent  as  to  interfere  with  the  growth  of  life, 
or  the  retention  of  the  greater  portion  of  its  remains,  but  suffi- 
ciently so  to  comminute  all  but  the  more  resistant  forms,  as 
indicated. 

The  suggestion  may  be  Tentured  that  tided  action  may  have  been  indirectly  an 
important  agency.  It  is  in  harmony  with  the  conclusions  of  recent  investiga- 
tions on  the  orbital  history  and  tidal  effects  of  the  moon^  as  weU  as  with  the  long 
known  greater  extent  of  the  ocean  in  early  geological  ages,  to  suppose  that  the 
tidal  wave  was  much  higher  and  stronger  than  at  present.  It  is  a)so  rational  to 
suppose  that  in  crossing  the  relatively  shallow  sea  that  covered  the  low  arch 
which  stretched  southward  from  the  northern  land,  the  effects  of  the  tidal  waves 
must  have  been  augmented,  ^ow,  whether  such  augmented  tides  would,  or 
would  not,  in  themselves,  be  competent  to  produce  any  considerable  effects  in  an 
open  (even  though  shaUow)  sea,  50  or  75  miles  from  land,  is  not  here  discussed, 
because  definite  data  are  wanting;  but  it  is  suggested  that,  if  not  in  themselves 
effective,  they  might,  in  conjunction  with  wind  waves  (which  might  then  also 
have  been  greater,  because  of  increased  rotation),  have  not  only  been  efficient 
agencies,  but  might  have  produced  results  of  2l  peculiar  character.  It  is  to  this 
peculiar  phase  of  action,  that  attention  is  called. 

When  the  surface  level  remains  practically  constant,  whatever  effect  wind 
waves  produce  is  essentially  constant  until  the  wind  changes.  If  fine  material 
is  stirred  from  the  bottom,  it  is  maintained  in  suspension  during  the  continuance 
of  the  agitated  state  of  the  sea,  and  drifts  long  distances  with  the  current,  the 
result  being  the  assortment  and  removal  of  the  finer  materiaL  But  if  the  sea 
level  oscillates  through  any  considerable  height  as  compared  with  the  depth  of 
wave  action,  the  case  will  be  quite  different.  To  illustrate,  suppose  the  wind 
waves  are  competent  to  produce  a  given  effect  at  a  depth  of  40  feet,  that  the  mean 
depth  of  water  is  50  feet,  and  the  tidal  oscillation  10  feet,  above  and  below  the  mean 
leveL  It  is  manifest  that  without  the  tide  the  waves  could  not  produce  the  given 
effects.    But  at  low  tide  they  would  be,  for  a  brief  interval,  within  effective  reach 

of  the  bottom,  and  would  agitate  it  accordingly.    But  they  would  soon  be  lifted 

^  --1 

*  Fiartioulaflj  tfaoae  of  Mr.  G.  H.  Darwin. 
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aboTe  effective  action,  and  the  agitated  material  would  thus  again  be  left  in  more 
quite  waters,  and  would  settle  back  into  repose.  Thus  there  would  be  an  alterna- 
tion of  relatively  forcible  and  quiet  action.  During  the  former  the  coarser  ma- 
terial might  be  rolled  and  triturated  and  the  finer  stirred  into  suspension,  while 
during  the  latter,  both  fine  and  coarse  might,  in  large  measure,  settle  back 
together,  the  fine  insinuating  itself  between  the  coarse,  tending  to  bind  it  together, 
and  render  it  less  easily  disturbed  by  subsequent  wave^tion^ 

Such  an  alternating  action  would  appear  to  offer  us  some  aid  in  conceiving  of 
the  method  of  formation  of  extensive  sheets  of  brecciated  limestone.  A  large 
portion  of  the  Galena  formation  is  of  this  cliaracter.  In  the  Niagara  limestone, 
a  single  brecciated  stratum  may  be  traced  100  miles  along  the  strike  of  the  forma- 
tion, and  probably  50  miles  or  more  back  from  its  original  margin.  Much  the 
larger  x>art  of  the  Silurian  limestone  of  Wisconsin  is  of  a  rough  irregular 
texture,  which  implies  that  the  original  material  was  heterogeneous.  A  system- 
atic alternation  between  vigorous  and  quiet  action  like  that  now  described  would 
seem  to  aid  greatly  in  supplying  the  needed  conditions. 

Variations  in  the  Fomuition.  The  foregoing  characters  relate  to 
to  the  Galena  limestone  as  found  distributed  over  the  low  arch  of 
the  south-central  part  of  the  State.  As  traced  northeastward  ob- 
liquely down  the  slope  of  the  arch,  and  into  the  Michigan  strati- 
graphical  basin,  over  what  may  be  conceived  to  have  been  a  broad, 
deepening  gulf,  the  deposit  gradually  changes  through  the  introduc- 
tion of  clayey  material,  and  a  progressive  increase  in  the  fineness 
and  compactness  of  the  limestone  material  —  changes  beautifully 
consonant  with  the  sub-marine  conditions  indicated.  With  this 
modification  in  the  nature  of  the  deposit,  there  was  a  corresponding 
change  in  the  character  and  preservation  of  life  forms.  The  ampler 
fauna  of  the  Trenton  beds  below  extended  upward,  and  mingled 
with  Receptacvlites  Oweni,  Murchisonia  major  ^  and  Lingvla  quadroM^ 
which  characterize  the  Galena  proper,  thus  beautifully  illustrating 
the  palaeontological  principle  that  a  fauna,  apparently  cut  oflF  in  one 
region,  may  be  flourishing  luxuriantly  in  an  adjacent  one. 

This  merging  of  one  rock  into  another — though  the  transition 
here  is  not  great  —  well  illustrates  the  dependence  of  deposits  upon 
local  marine  conditions.  It  further  shows  the  superiority  of  strati- 
graphical  over  palaBontological  evidence  in  determining  the  true 
correlation  of  formations  where  the  stratigraphical  method  is  appli- 
cable, for  this  northeastern  equivalent  of  the  Galena  limestone  has 
been  heretofore  uniformly  referred  either  to  the  Trenton  horizon 
below,  or  to  the  Hudson  River  above.  The  same  fact  will  be  further 
illustrated  if  the  argument  of  Mr.  0.  B.  Walcott,  maintaining  that 
this  is  the  western  equivalent  of  the  Utica  shale,  shall  be  sustained 
by  future  investigation. 

Metallic  Contents.  This  formation,  in  the  southwestern  part  of 
the  State,  is  rich  in  lead  and  zinc  deposits.    The  source  and  method 
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of  the  original  mineralization  is  essentially  the  same  as  that  sketched 
for  the  Trenton  deposits,  and  more  fully  set  forth  in  the  special  dis- 
cussion of  the  ore  deposits  of  the  region,  in  Vol.  IV,  pp.  365  et  seq. 

DUtribution.  As  now  exposed,  this  limestone  forms  a  somewhat 
broad  belt  underlying  the  main  portion  of  the  Green-Bay-Rock-River 
valley,  and  occupying  nearly  all  the  higher  lands  south  of  the  Wis- 
consin river  in  the  southwestern  part  of  the  State.  Like  all  the 
formations  in  this  region,  it  has  been  much  channeled  by  erosion, 
and  its  outlines  now  present  a  highly  sinuous  contour.  In  the 
eastern  part  of  the  State,  the  glacial  planing  of  a  later  geological 
age  has  somewhat  reduced  and  concealed  its  irregularity. 

American  Distribution.  This  has  usually  been  regarded  as  th3 
superficial  member  of  the  Trenton  limestone  group,  and  as  par- 
taking of  the  distribution  outlined  under  that  head.  Mr.  C.  D. 
Walcott  has  recently  argued  with  cogency  that  it  is  the  western 
equivalent  of  the  Utica  shale  of  New  York,  and  is  hence  to  be 
ranked  in  the  next  higher  horizon.  The  Galena  limestone,  in  its 
typical  development,  is  limited  to  a  radius  of  little  more  than  a 
hundred  miles  from  the  southwest  corner  of  Wisconsin.  Beyond 
that  limit  the  formation  grades  into  a  more  argillaceous  and  shaly 
deposit.  Northeasterly  it  is  traceable  into  the  Upper  Peninsula  of 
Michigan,  but  in  following  its  horizon  onward  into  Canada,  it  does 
not  appear  in  its  place,  according  to  the  testimony  of  geologists, 
while  the  Utica  shale,  which  is  absent  to  the  westward,  there  appears 
and  extends  thence  onward,  lying  next  the  Trenton  belt,  into  New 
York  and  the  St.  Lawrence  valley,  and  also  occupies  the  same  hori- 
zon along  the  Appalachian  belt.  In  Missouri  the  "  Receptaculites 
limestone  "  is  undoubtedly  the  equivalent  of  the  Galena  limestone. 
The  formation  must  also  have  an  extensive  development  along  the 
west  side  of  the  Archaean  belt  that  stretches  northwesterly  toward 
the  Arctic  ocean,  since  numerous  large  erratics  from  it  occur  on  the 
plains  of  northern  Dakota.  It  also  occurs  in  the  Hudson  Bay 
region. 

Hudson  Rivek  (Cincinnati)  Epoch. 

Fig.  40.  Synopsia  of  Characters,    Formation  consists  of 

shales  of  various  hues,  but  usuaUy  blue  and  green, 

with  intercalated  limestones,   reaching  a   total 

thickness  of  200  feet  and  upwards.     Fossils,  in 

some  portions,  very  abundant  and  well  preserved; 
Section  lUustrating  the  relatioiui     ^  ^^^^         ^^ 

of  the  Hudson  River  (Cincinnati)  *    i_     -  .       i. 

Bh&les  (H.  Rx  to  the  Galena  Ume-  The  name  of  the  formation  has  been  the  subject 
■tone  (6kx.)  below,  and  the  Niagara  of  much  discussion.  At  the  time  of  the  issue  of 
limestone  (iv:)  above.  Vol.  II,  the  tendency  of    judgment  seemed   tj 
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favor  the  setting  aside  of  the  name  Hudson  Biv^,  as  it  was  not  then  proven 
that  the  formation  in  question  touched  the  Hudson  river,  the  rocks  to  which  it 
was  originally  applied  being  referred  to  other  geological  horizons.  The  name 
Cincinnati,  at  which  place  the  formation  is  well  developed,  had  come  into  use 
on  excellent  authority,  as  a  substitute,  and  was  adopted  in  that  volume.  Becent 
investigations  have,  however,  demonstrated  the  existence  of  the  formation  on 
the  Hudson  river,  and  removed  the  most  serious  objection  to  the  use  of  the 
earlier  name,  and  it  will  now  doubtless  be  accepted,  notwithstanding  the  fact 
that  it  remains  an  unfortunate  selection,  not  being  based  on  a  typical  and  well- 
characterized  development  of  the  formation. 

For  details,  see  VoL  H,  pp.  814-326  (Chamberlin),  685-688  (Strong);  VoL  IV, 
pp.  24&-266  (Fossils,  Whitfield),  410-411  (Chamberlin).  For  area  occupied  by 
the  formation,  see  atlas. 

Cha/racter  of  the  Deposition.  After  the  slow  growth  of  the 
Galena  limestone  had  given  that  formation  a  maximum  thickness  of 
about  250  feet,  the  oceanic  conditions  were  again  slightly  altered,  giv- 
ing rise  to  more  turbid  waters,  from  which  settled  down,  over  so  much 
of  the  area  of  the  State  as  then  remained  submerged,  a  mud  bed, 
which  destroyed  or  drove  away  those  marine  animals  which  live  only 
in  clear  seas.  There  was,  therefora,  a  changa  in  the  character  of  the 
deposit  not  only,  but  in  the  life  which  it  imbedded,  though  neither 
of  these  changes  were  extreme.  The  turbidity  of  the  waters  was 
probably  at  most  only  slight  and  intermittent,  and  by  the  shifting 
of  the  currents  there  were  apparently  frequent  intervals  of  limpid 
waters  at  any  given  point,  during  which  clear-water  life  flourished, 
and  the  accumulating  rock-material  was,  as  before,  mainly  derived 
from  it.  There  resulted  from  these  shiftings,  alternations  of  lime- 
stone and  shale,  but,  from  the  nature  of  the  case,  these  were  very 
inconstant,  and  while  the  turbid  waters  were  depositing  shale  at  one 
point,  clearer  waters  at  another  favored  calcareous  accumulation. 

As  a  consequence  of  this,  in  examining  the  strata  as  they  are  now 
so  finely  exposed  along  the  cliflf  east  of  Glreen  Bay,  for  instance,  we 
may  start  with  a  limestone  layer  and  trace  it  horizontally  until  it 
passes  into  a  clay  shale,  not  only,  but,  following  it  further,  it  may 
be  found  passing  through  many  variations  of  color,  texture,  and 
material,  and  if  it  could  be  followed  far  enough,  it  might  be  found 
to  again  grade  into  limestone.  As  a  result  of  these  combinations  of 
fluctuating  conditions,  the  total  deposit  consists  of  an  interstratified 
series  of  shales  and  limestones,  reaching  a  thickness  varying  from 
125  feet  to  240  feet  or  more,  with  a  probable  average  of  about  200 
feet. 

The  limestone  is  more  abundant  than  elsewhere  in  the  vicinity  of 
Little  Sturgeon  Bay,  the  most  northeasterly  point  where  the  forma- 
tion is  exposed,  and  apparently  least  abundant  where  it  overlies 
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the  central  arch  of  the  State,  provioasly  described.  This  distribu- 
tion seems  to  indicate  that  in  the  former  region  the  waters  were 
Btill  sufficiently  deep,  or,  at  least,  quiet,  to  be  measurably  dear,  while 
in  the  latter,  they  were  agitated  and  turbid,  but  not  so  boisterous  as 
to  present  the  accumulation  of  fine  sediment. 

The  shales  of  the  series  vary  greatly  as  would  naturally  be  the 
case  from  the  conditions  of  accumulation  just  indicated.  The  mar 
terial  was  derived  from  the  adjooaot  land,  partly  byshore  wash,  but 
more  largely  from  the  contribution  of  rivers,  and  the  character  of  the 
material  which  they  brought  down  varied  with  that  of  the  rocks 
and  soil  from  which  they  came,  and  the  altitude  and  slope  of  the 
land.  It  is  not  strange,  therefore,  that  there  should  be  found  varia- 
tions of  color,  running  through  gray,  green,  blue,  and  purple  to  red, 
buff  and  brown;  gradations  of  texture,  from  a  coarseness  approach- 
ing a  sandstone  to  fine  unctuous  clay;  and  varieties  of  composition, 
ranging  through  calcareous,  stlicious,  aluminous,  and,  subordinately, 
carbonaceous,  gypseous,  pyritous,  and  other  varities. 

StratificaMon.  From  the  manner  of  accumulation  it  will  be  cor- 
rectly inferred  that  the  sediments  were  evenly  and  thinly  stratified, 
and,  in  some  instances,  very  finely  laminated,  so  that  they  now  split 
into  thin  regular  plates,  almost  rivaling  in  smoothness  metamoi'phic 
slates.  They  are,  however,  very  brittle  and  fragile. 
Fm.  41. 


CoiuLum  Fossnd  of  tec  Hudson  Epoch  a  Moutlcullpara  ni^josa  —  Ed.  &  H.  b.  U.  (Cbra- 
tete<)  atcrltiu  —  Nlch.  c  Usgnlfled  nirface  of  taiae  d.  M.  IChKletes)  briareus  —  Nich. 
«.  HagnlAed  surface  of  H  brlarens,  /  H  <Cluetet«s)  luBitormia  — Whitt.  y.  HagnlBed  surface 
of  H.  fiulformlB.    h.  H.  reclangularli  —  White     t.  USKaiUed  Burtue  at  U.  reaUnzularls. 

Ripple  Marks  and  Mud  Gracks.  The  depositing  conditions  are 
further  indicated  by  the  existence  of  beautiful  ripple-marks,  some- 
times of  unusual  size.  Mud-cracked  surfaces,  so  regularly  marked 
as  to  resemble  a  pavement  of  octagonal  bricks,  have  been  observed. 
The  former  indicates  a  shallow  sea,  the  latter,  alternate  exposure 
and  submergence. 


P« 
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Ufe.  Just  as  there  was  an  easy  transition  from  the  physical  con- 
ditions of  the  preceding  epoch,  bo  there  was  a  correspondingly  simple 
and  natural  transition  of  life.  Those  forms  which  were  not  adapted 
to  the  shallow  and  silted  seas  retired,  while  othere,  to  which  the 
new  conditions  were  congenial,  flourished  in  greater  abundance. 


iiLS  OF  TBK  Hddson  Efoch,    0.  Ccowteltaria  polyitomella,  NIch. 
WUtf.     e.  EoloiKed  sucfa^ca  af  F.  snnuloBi.    d.    Stictopora  trogUls 
lens  — White.  /.  AuIoporauiwhDoldH  — Hall.  g.  FortlOD  ol  a  branch  ol 


True  Polyp  Corals,  those  lovers  of  clear  seas,  were  comparatively 
rare,  while  those  delicate  coralline  forms,  variously  referred  by  dif- 
ferent authorities  to  Bryozoans  and  Chaitetoid  Corals,  flourished  in 
extraordinary  abundance.  In  some  of  the.  more  quiet  localities, 
Brachiopods  were  likewise  very  abundant,  while  over  other  large 
areas  they  appear  to  have  been  totally  absent. 

The  Lamellijiranchs,  Gasteropods  and  Cephalopods  almost  wholly 
disappeared  from  our  shores.  None  of  the  last  named  have  been 
foand,  and  but  few  of  the  others.  In  some  localities  in  the  Lead 
r^on,  the  beautiful  little  bivalve  Clddophorua  negUctua  is  found  in 
great  numbers.  Crinoids  likewise  were  rare,  and  of  Trilobites  but 
a  few  remained. 

A  prominent  characteristic  of  the  life  distribution  is  its  irregular 
colonial  character.  Over  certain  areas  forms  of  life,  adapted  to  the 
conditions  there  presented,  flourished  in  great  luxuriance,  while 
other  and  more  considerable  areas  seem  to  have  been  quite  unten- 
anted. As  illustrations  may  be  cited  the  great  abundance  of  coral- 
line forms  at  Robert's  quarry,  near  Pewaukee,  and  at  Iron  Eidge, 
where,  from  a  few  cart-loads  of  material  thrown  from  wells  thirty 
species  of  beautiful  coralline  forms  were  collected,  beside  a  consider- 
able number  of  Brachiopods;  and,  again,  the  even  greater  abundance 
of  little  bivalves  in  certain  localities  in  the  Lead  region.    This  local- 
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izatiOD  of  life  ii  in  tarmoay  with  the  t 
tiODS  already  described. 

Oeneral  Conm/Iemtiotu.    The  general  oooditioas  wfaicfa  hroa^bt 
■bout  this  era  of  wdiineDtatioii  mar  be  qiprebended  17  omadaiag 


1  l.mini.|«'«flT  o*  Hcpscni  Epocb.       a.    Ambonycblk  ndl&ta  —  HalL 

A.  PUrlDM  demln*  —  CoDml.  e.  Rbj'Dchonella  Antlcoitetuli —  Bill.,  side  view.  d.  Dornl  Ttev  ot 

B.  AntlcoMenili.  <.  Tentnl  flaw  of  R  AnUnmendL  /.  R  Cftpax  —  Conrad,  dorMi  rfew.  0.  BUa 
i1«w  of  aune.  A.  Venlnl  Tlew  of  ume.  f.  Zfgoaplra  mod«tB  —  Hall,  donal  riew.  J.  Venliml 
Tkwolwou.   k.OrthliocddenUdh  — Ball,  dorsal  (lew,  I.  BUe  flew  of  wme.   m.  Ventral  view 


the  progress  of  the  gentle  coast-movenient  that  was  inaugamted  in 
the  preceding  epoch.  Evidence  has  been  adduced  to  show  that  the 
central  area  of  the  State  was  then  affected  by  a  very  gentle  upward 
bending  of  the  strata,  attended  by  compensating  depressions  on 
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either  hand.  A  little  further  progress  of  this  movement  is  thought 
to  have  shallowed  the  sea  on  the  slopes  of  the  rising  area,  and  ex- 
posed its  sediments  to  wash  and  wear  and  rearrangement,  so  that 
it  became  wrapped  about  with  the  blanket  of  silt  which  constitutes 
the  formation  under  consideration.  At  the  close  of  the  epoch,  the 
waters  seem  to  have  retired  beyond  our  borders  for  a  season,  since 
the  succeeding  formations,  as  found  elsewhere,  are  not  present  in 
Wisconsin. 

Similar  movements  farther  to  the  eastward  caused  a  more  consid- 
erable arching  of  the  strata.  A  like  axis  extends  southward  from 
Lake  Erie,  through  Ohio  and  Kentucky,  into  Tennessee,  constituting 
the  Cincinnati  arch.  It  was  mainly  formed,  as  demonstrated  by  the 
Ohio  geologists,*  at  the  close  of  this  epoch.  Still  further  east,  the 
Green  Mountain  range  is  maintained,  by  Professor  Dana  and  others, 
to  have  been  principally  formed  at  f his  time,  and  there  much  more 
powerful  disturbances  are  held  to  have  taken  place,  resulting  in  the 
folding  of  the  strata.  It  is  quite  possible  that  similar  effects  were 
felt  throughout  the  Appalachian  range,  but  this  has  not  yet  been 
demonstrated.  An  interesting  system  of  movements  may  be  dis- 
cerned by  combining  these  observations,  viz. :  (1)  mountain-folding 
at  the  east,  (2)  a  less  forcible  arching  in  western  Ohio,  and  (3)  a 
still  more  gentle  flexure  in  Wisconsin. 

Cloae  of  the  Lower  Silurian  Age.  The  Hudson  River  shales  com- 
plete the  Wisconsin  rock-series  of  Lower  Silurian  age.  The  progress  of 
formation  had  been  quiet  and  uninterrupted.  The  record  it  has  left 
is  clear  and  legible.  Its  close  is  marked  by  the  noteworthy  fact 
that,  after  a  long  period  of  partial  submergence,  the  entire  area  of 
the  State  probably  became  land. 

Probable  Land  Surface,  It  may  be  profitable  to  picture  to  our- 
selves some  of  the  leading  features  of  the  land-surface.  All  the 
sedimentary  strata  formed  subsequent  to  Archaean  times  were  still 
lying  in  an  almost  horizontal  position,  very  much  as  the  sea  de- 
posited them.  They  had  recently  been  very  slightly  arched,  as  we 
have  seen,  and,  in  earlier  ages,  some  little  lifting  of  the  edges  about 
the  Archaean  core,  and  corresponding  settling  of  portions  farther 
away,  very  probably  took  place.  But  the  combined  effect  of  all 
these  was  slight,  and,  as  a  result,  the  whole  of  the  area  occupied  by 
the  later  formations  was  low  and  level.  This  area  was  extensive, 
occupying  all  the  southern  portion  of  the  State,  nearly  or  quite  en- 
circling the  Archaean  nucleus.    The  surface  of  the  latter  probably 
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rose  higher  than  at  present,  for  in  the  long  ages  that  have  intervened,  it 
has  been  exposed  to  wash  and  wear,  which  have  continually  reduced 
its  height.  Wo  have  seen  that  it  originally  tower^  to  lofty  mount- 
ainous heights. 

Geography.  Our  picture  of  the  topography  of  the  State  would, 
therefore,  be  that  of  an  elevated,  perhaps  mountainous  prominence 
in  the  northern  portion,  encircled  by  lower  lands  from  which  a 
great,  flat  plain,  scarcely  above  tide  level,  stretched  away  to  the 
ocean,  which  lay  beyond  the  State  borders. 

Land  Plants.    Over  this  land  there  probably  grew  more  or  less 

Y^etation,  for  vegetal  remains,  claimed  to  be  those  of  land  plants, 

have  been  found  in  the  Hudson  River  strata  of  Ohio  and  Kentucky. 

*^4'^2l:?":         These  were  probably  of  the  Cryptogamous  class,  and  allied  to  those 

^  '■  :\'*^-^   Irhich  constituted  the  strange  plant-life  of  the  Coal  period. 

Clmiaie.  The  climate  was  probably  warm,  moist,  and  equable, 
for  the  life  of  the  adjacent  seas,  particularly  Grinoids  and  Corals, 
seem  to  indicate  a  warm  temperature.  The  great  extent  of  the  sea, 
the  depth  and  moisture  of  the  atmosphere,  the  lowness  and  limited 
extent  of  the  land,  all  would  contribute  to  this  result. 

Stats  Distribution.  The  Hudson  River  shales,  because  of  their 
erodability,  occupy  but  a  limited  area  at  the  surface.  They  skirt 
the  Green-Bay-Rock-River  valley  on  the  east,  lying  at  the  base 
of  "  The  Ledge  "  which  bounds  the  valley  on  that  side,  and  whose 
existence  is  due  to  the  removal  of  the  soft  shales,  leaving  the  over- 
lying and  more  resistant  Kiagara  limestones  projecting  abov^e  in 
cliffs.  In  the  southwestern  part  of  the  State,  the  formation  under- 
lies the  "  Mounds,"  and  occupies  a  few  other  very  limited  areas, 
shown  on  the  survey  maps. 

Amei'ican  Distribution.  The  surface  distribution  of  the  Hudson 
River  formation  is  very  similar  to  that  of  the  Trenton  formation 
already  outlined,  forming,  as  it  does,  a  parallel  belt  along  its  outer 
border.  Leaving  Wisconsin  in  the  vaUey  of  Green  Bay,  it  sweeps 
around  Lakes  Michigan  and  Huron,  distant  but  a  few  miles  from 
their  shores,  appearing  on  the  Manitoulin  islands  and  the  western 
shore  of  Georgian  Bay.  Thence  it  strikes  southeastward  to  Lake 
Ontario,  of  which  it  forms  the  bottom,  in  part.  Reappearing  at  its 
southeastern  angle,  it  sweeps  around  the  Adirondacks,  outside  of  the 
formations  previously  described,  and  follows  the  St.  Lawrence  val- 
ley to  its  terminus,  occupying  the  river  channel  in  part,  and  also  a 
part  of  Anticosti  island.  Where  it  strikes  the  Hudson,  it  sends  a 
branch  belt  southward  along  the  river  that  has  given  it  a  name,  and 
thence  along  the  Appalachian  range  to  Alabama.    At  Cincinnati, 
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the  formation  has  its  finest  known  development,  and  is  exceedingly 
fossilif erous.  This  locality  has  a  natural  olaim  to  give  its  name  to 
the  formation,  and  we  yield  it  reluctantly  in  deference  to  the  roleB 
of  geological  nomenclature.  The  formation  occupies  a  considerable 
area  on  the  summit  of  the  Cincinnati  arch.  At  Nashville  and 
vicinity,  it  is  also  well  displayed,  constituting  the  Nashville  group  of 
the  Tennessee  reports.  In  Iowa,  the  formation  is  known  as  the 
Maquoketa  shales,  and  extends  from  the  river  of  that  name  north- 
westerly into  Minnesota  to  the  vicinity  of  St.  Paul,  and  then  turns 
southeasterly,  and  is  lost  beneath  later  formations.  Its  equivalents 
in  the  western  mountain  region  remain  to  be  worked  out. 

Foreign  JSquwalerUa  of  Lower  Silurian.  The  English  Lower 
Silurian  embraces  the  Arenig,  the  Ilandeilo,  and  the  Bala  or 
Oaradoc  beds.  These  are  best  developed  in  Wales,  in  the  land  of 
the  ancient  Silures,  whence  the  name  is  derived.  They  constitute 
the  main  portion  of  the  southern  uplands  of  Scotland,  and  are  quite 
largely  developed  in  Ireland.  They  occur  also  in  northern  and 
southern  Scandinavia^  and  the  Baltic  provinces  of  Bussia,  in  Bohemia 
(Etage  D),  in  Bavaria,  and  in  Spain.  In  short,  as  would  be  rationally 
expected,  the  foreign,  like  the  American  Silurian  formations,  are 
found  gathering  about  the  more  ancient  Laurentian  nuclei,  which 

were  the  centers  of  continental  growth. 
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UPPER   SILURIAN   AGE. 


Svhdivisions.  The  Upper  Silurian  age  may  be  regarded  as  em- 
bracing two  periods:  I,  the  Niaga/ra^  and  II,  the  Hdderb&rg^  each 
of  which  presented  subordinate  phases  which  are  classified  as  epochs. 
The  epochs  of  the  Niagara  period  are,  (1)  that  of  the  advancing  sea, 
marked  by  the  Oneida  conglomerate  and  Medvna  aandstone^  (2)  an 
epoch  of  oscillating  transition,  characterized  by  the  Clinton  shales 
wnd  ore  hedsy  (3)  a  stage  of  advanced  sea  in  which  was  formed  the 
Niagara  limestone^  and  (4),  a  period  of  shallow  and  retiring  sea, 
embracing  a  portion  of  the  Salina  deposits^  as  we  would  classify 
them. 

The  Helderberg  period  may  be  regarded  as  embracing  (I)  a  stage 
of  advancing  and  deepening  sea,  including  the  later  deposits  com- 
monly referred  to  the  Salina  group,  (2)  an  epoch  of  advanced  sea 
marked  by  limestone  accumulation — t\iQ  Lower  Helderberg  epochs 
and  (3)  a  period  of  retiring  sea,  during  which  the  OrisJimiy  samd- 
stone  was  in  part,  at  least,  deposited.  In  tabular  form  the  classifi- 
cation may  be  presented  thus : 


Age. 


Periods, 


Upper  Silurian. 


Niagara. 


Epochs. 
Oriskany. 
Helderberg.  -|  Lower  Helderberg. 

Salina. 
Niagara. 
Clinton. 
Medina. 
Oneida. 

Terrestrial  Interval.  The  terrestrial  conditions  above  sketched 
seem  to  have  continued  for  a  considerable  period,  during  which, 
obviously,  no  marine  deposits  were  added  to  the  surface  of  the  State. 
The  period,  so  far  as  Wisconsin  was  concerned,  was  not  one  of 
growth,  like  those  which  had  preceded,  but  rather  one  of  loss, 
because  of  surface  waste. 

Although  no  definite  record  was  left  in  Wisconsin,  yet  this  was 
not  a  lost  interval  in  geological  history.    The  ocean  was  elsewhere 
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laying  down  the  rocky  tablets  on  which  were  being  recorded  the 
progress  of  the  age.  In  other  regions,  notably  in  New  York  and 
along  the  Appalachian  land-border,  formations  were  in  progress, 
constituting  the  Oneida  conglomerate  and  the  Medina  sandstone, 
which,  together,  are  reported  to  have  attained  in  Pennsylvania  a 
thickness  of  2,500  feet.  A  still  more  complete  record  was  kept  by 
the  deposits  at  the  mouth  of  the  St.  Lawrence,  now  known  as  the 
Anticosti  group.  That  region  appears  not  to  have  been  affected  by 
the  movements  which  interrupted  deposition  elsewhere,  so  that 
continuous  deposits,  stocked  with  an  instructive  series  of  fossils, 
teach  the  essentials  of  the  ongoing  history.  They  show,  however, 
only  a  graduation  to  the  next  succeeding  records  of  our  own  rocks, 
and,  therefore,  do  not  demand  special  consideration  here. 

Clinton  Epoch. 
Fig.  44. 


Sbctioh  illustrating  the  relations  of  the  Iron  Ridge  Ore  deposit,  to  the  underlying  Hudson  River 

(Cincinnati)  shales,  and  the  overlying  Niagara  limestone. 

Synopsis  of  Characters,  The  formation  elsewhere  consists  of  shales,  lime- 
stones and  iron  ore,  but  in  Wisconsin,  only  the  iron  ore  beds  of  Dodge  county 
and  adjacant  regions  are  referred  to  the  epoch.  Probably  the  overlying  lime- 
stones are  the  equivalents  of  strata  at  the  east  referred  to  the  Clinton  epoch,  but 
as  they  are  closely  joined  to  the  Niagara  limestone,  and  with  it  are  the  product 
of  one  limestone-making  epoch,  they  are  so  treated  here.  The  formation,  thus 
limited,  consists  of  local  beds  of  iron  ore,  composed  of  small  lenticular  concre- 
tions of  hematite,  "  flax-seed  "  ore.  The  maximum  thickness  is  about  35  feet. 
The  ore  is  easily  reduced,  and  yields  about  45  per  cent,  of  the  metaL  No  fossils 
foimd. 

For  details  see  VoL  11,  pp.  827-335  (Chamberlin).  For  area  occupied  by  the 
formation,  see  atlas. 

TTie  Clinton  Iron  Ore.  After  the  terrestrial  interval  of  waste, 
the  history  of  Wisconsin  formations  was  resumed  in  a  special 
rather  than  a  general  chapter.  The  next  deposit  is  peculiarly 
a  local  one.  It  attains  its  chief  importance  at  Iron  Ridge,  in 
Dodge  county,  where  it  reaches  its  maximum  known  thickness  within 
the  United  States  —  about  25  feet.  Traced  from  this  point  it  thins 
out  and  disappears  within  a  short  distance  on  either  hand.  A  less 
important  deposit  occurs  under  the  village  of  Hartford,  but  it  can- 
not be  traced  over  any  considerable  area.  At  Cascade  Falls,  east  of 
Depere,  the  formation  again  appears,  but  does  not  reach  an  observed 
thickness  of  more  than  five  feet,  and  does  not  appear  to  have  any 
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great  areal  extent.  Along  the  eastern  shore  of  Green  Bay  there  is 
a  thin  ferruginous  layer,  only  a  few  inches  in  thickness,  which  may  be 
traced  for  a  few  miles,  but  it  attains  no  importance.  At  many  other 
observed  points  along  its  proper  horizon,  it  is  found  to  be  entirely 
absent,  or  marked  only  by  a  little  iron-staining.  It  is,  therefore, 
pre-eminently,  a  local  formation.  It  appears  to  have  been  formed 
in  limited  depressions  on  the  surface  of  the  Hudson  River  shales. 

Character  of  the  Ore.  The  deposit  itself  is  a  peculiar  one.  The 
ore  is  made  up  of  little  concretions  of  the  oolite  type,  whence  the 
name  "  shot  ore."  The  concretions  are,  however,  almost  universally 
flattened,  and  have  a  reddish-brown  color  and  glazed  surface,  which 
has  suggested  the  not  inapt  name  "flax-seed  ore.'*  By  grinding 
these  concretions  to  sufficient  thinness  on  a  lapidary  lathe,  their 
concentric  structure  may  be  well  seen.  At  the  center  is  found  a 
hard  transparent  nucleus,  which  is  apt  to  be  broken  out  in  grind- 
ing, owing  to  the  relative  softness  of  the  surrounding  ore.  It  is, 
therefore,  apparent  that  these  grains  were  formed  by  successive 
accretions  about  a  silicious  nucleus. 

Their  average  diameter  is  about  one  twenty-fifth  of  an  inch,  but 
they  vary  from  those  that  are  quite  minute,  up  to  those  that  have  a 
diameter  of  one-tenth  of  an  inch,  while  there  are  stiU  larger  imper- 
fect forms. 

These  flattened  oolites  lie,  naturally  enough,  upon  their  sides, 
giving  the  rock  a  ready  cleavage  in  a  horizontal  direction.  They 
are  bound  together  by  just  enough  adhesive  ore-powder  to  give  the 
mass  a  moderate  cohesion,  forming  a  soft,  friable,  granular  iron- 
rock.  It  is  regularly  bedded  in  horizontal  layers  from  three  to 
fourteen  inches  in  thickness,  and  may  be  mined  with  the  greatest 
facility.  The  ore  is  a  partially  hydrated  iron-oxide  containing  about 
45  per  cent,  of  the  metal.  The  layers  rest  in  a  slight  measure  un- 
conformably  upon  the  shales  at  their  base. 

Analogous  ore  deposits  occur  at  the  same  geological  horizon  at 
various  points  eastward  from  Ohio,  and  northward  from  Alabama 
to  Nova  Scotia. 

Fo99%U.  In  the  Wisconsin  beds,  no  fossils  belonging  to  the  de- 
posit have  been  found,  but  elsewhere  they  occur  in  considerable 
abundance,  giving  the  deposit  the  name  "fossil  ore,"  and  demon- 
strating its  marine  origin. 

Method  of  FormcUion,  Some  difficulties  arise  in  conceiving  the 
precise  method  of  formation,  particularly  since,  in  the  Wisconsin 
deposits,  no  contemporaneous  formation  has  been  observed  connect- 
ing the  detached  deposits,  such  as  would  naturally  be  expected  if 
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the  whole  region  were  submerged.  As  no  marine  fossils  occur  here, 
it  seems  probable  that  the  ore  accumulated  in  lakes,  lagoons,  or 
estuaries,  and  that  the  intermediate  territory  was  not  submerged. 

The  probable  source  of  the  ore  is  to  be  found  in  the  iron-bearing 
waters  coming  from  the  low,  flat  land  adjacent,  or  the  more  distant 
ferruginous  rocks  of  the  Archaean  series.  The  location  of  the  ac- 
cumulation is  not  such  as  to  make  it  highly  probable  that  the  latter 
was  an  important  source.  The  ore  was  probably  precipitated,  as 
suggested  by  Prof.  Newberry,*  "  in  a  manner  similar  to  the  *  mustard 
seed '  ore  now  being  deposited  in  some  of  the  Swedish  lakes  which 
receive  the  drainage  from  ferruginous  districts.  While  in  process  o£ 
transportation,  the  iron  was  a  soluble  protoxide,  but  by  oxidation  it 
was  rendered  insoluble  and  deposited.  In  the  ages  that  have  since 
passed,  these  limonite  granules  have  lost  a  part  of  their  water  of 
combination,  and  have  been  converted  into  red  hematite." 

Correlation,  The  Clinton  Epoch,  as  usually  defined  on  the  basis 
of  formations  elsewhere,  embraces,  besides  the  ore  deposits,  sand- 
stones, shales  and  limestones.  The  limestone  stratum,  immediately 
overlying  the  Wisconsin  ore  deposits,  was  probably  formed  at  the 
same  time  as  the  upper  Clinton  beds  of  the  eastern  localities,  but 
there  is  here  no  good  reason  for  separating  it  from  the  overlying 
limestones,  with  which  it  is  continuous,  and  which  embrace  also  de- 
posits of  the  Niagara,  and  even  Quelph  epochs.  To  aut  up  our 
formations  unnaturally  to  make  them  correspond  to  phases  of  dep- 
osition elsewhere,  or  to  conform  to  a  predetermined  system  of 
classification,  would  be  doing  violence  to  truth,  and  encouraging  false 
conceptions  of  geological  history.  The  epochs  of  deposition  are 
often  unlike  in  distant  localities,  and  truth  demands  that  they  shall 
be  so  recognized  in  classification  and  correlation.  This  complexity 
of  contemporaneous  history  is,  of  course,  an  inconvenience  to  the 
text-book  student,  and  to  the  ideal  systematist,  but  it  is  best  to 
shape  our  thoughts  to  suit  the  facts  of  nature,  rather  than  force 
them  to  accommodate  the  convenience  of  our  conceptions. 

Niagara  Epoch. 

Fio.  45.  Synoptical  Notes.     This 

epoch  in  Wisconsin  embraces 

more  than  the  corresponding 

one  at  the  east,  as  usuaUy 

Sexthon  fllustrating  the  relations  of  the  Niagara  Umestone    limited.  It  appears  that  lime- 

(^.)  to  the  Hudson  River  (Cincinnati)  shales  (H^.£.)  below,  and    s(.one  formation  began  here 

the  Helderberg  (HI.)  and  Hamilton  limestones  (Hm.)  above,    earlier,  and  perhaps  contin- 


1  Ohio  OeoL  Surv.,  VoL  HI,  p.  7. 
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ued  later,  so  that  a  part  of  what  is  the  equivalent  of  the  Clinton  formation,  as 
there  developed,  is  here  placed  in  the  Niagara,  and  possibly  a  part  of  the  Guelph 
limestone,  as  found  in  Wisconsin,  was  formed  contemporaneously  with  some 
referred  to  the  Salina  of  New  York.  The  epoch  was  pre-eminently  one  of  lime- 
stone formation.  Dolomites  of  varying  texture  constitute  the  entire  deposit. 
Its  thickness  on  the  southern  border  of  the  State  is  about  450  feet;  at  Sheboy- 
gan nearly  80O  feet.  Coral  reefs  are  the  most  notable  {peculiarity.  Some  por- 
tions of  the  formation  are  very  fossiliferous.  Name  derived  from  Niagara  Falls, 
the  cap  rock  of  which  is  of  this  formation. 

For  details,  see  Vol.  II,  pp.  885-389  (Chamberlin),  661  (Strang);  Vol.  IV, 
pp.  267-817  (Fossils,  WhitfieldX  410  (Chamberlin).  For  area  occupied  by  the 
formation,  see  atlas. 

Following  the  epoch  of  local  iron-deposition,  the  sea  advanced 
upon  the  land  extensively,  and  buried  all  the  eastern,  southern,  and 
southwestern  portions  of  the  State.  Precisely  how  far  inland  it 
reached  cannot  now  be  determined,  for,  during  the  long  exposure 
that  has  since  intervened,  a  somewhat  wide  margin  has  been  cut 
away  from  the  deposit.  From  the  ragged  edge  now  left  for  our 
study,  only  the  general  fact  stated  can  be  surely  determined.  The 
previous  land,  owing  to  its  flatness,  appears  to  have  suffered  little 
erosion,  in  the  interval  of  its  exposure  between  the  Hudson  River 
and  Niagara  epochs,  and  what  slight  inequalities  were  produced 
were  cut  away  and  leveled  up  by  the  advancing  beach,  so.  that  the 
floor  of  the  formation  was  essentially  level. 

Suhdimmofis,  The  re-encroachment  of  the  sea  brought  with  it 
conditions  unusually  favorable  to  limestone  formation.  Its  progress 
was  characterized  by  changes  in  the  phases  of  deposition  and  life, 
which  may  be  regarded  as  sub^pochs,  whose  distinct  designation  is 
of  some  service  in  local  study  and  description.  They  are  not  to  be 
understood,  however,  as  having  any  wide  application.  Indeed,  one 
of  the  most  instructive  features  of  the  formation  is  the  fact  that 
within  the  belt  of  200  miles  length,  which  the  formation  occupies 
along  the  shore  of  Lake  Michigan,  the  strata  undergo  changes  in 
the  phases  of  deposition,  so  that  the  natural  subdivisions  at  the 
south  differ  from  those  at  the  north,  as  indicated  in  part  by  the  fol- 
lowing classification  of  beds: 

At  the  south —   *  At  the  north — 

1.  Guelph  Beds.  1.  Guelph  Beds. 

2.  Eacine  Beds.  2.  Racine  Beds. 

3.  Upper  Coral  Beds. 

3.  Waukesha  Beds.  4.  Lower  Coral  Beds. 

5.  Byron  Beds. 

4.  Mayville  Beds.  6.  May ville  Beds. 

Such  changes  in  formations  as  traced  from  one  region  to  another 
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are  common  geological  phenomena,  and  are  often  much  more  con- 
spicuous than  here;  but  in  this  instance,  the  series  embraces  what 
are  elsewhere  held  to  be  somewhat  important  division  planes,  viz. : 
those  between  the  Clinton  and  Niagara,  and  between  the  Niagara 
and  Guelph  formations.  But  fossils,  held  to  be  characteristic  of  the 
Guelph  epoch,  are  found  as  low  as  the  May  ville  beds,  and  those  of 
the  Clinton  as  high  as  the  Tipper  Coral  beds,  showing  that  the  clas- 
sification which  is  appropriate  at  the  east  does  not  properly  repre- 
sent the  epochs  in  our  region,  and  hence  the  need  of  local  terms, 
and  subdivisions,  distinctly  understood  to  bo  such.  There  is  a  like 
need  of  caution  and  prudence  in  attempting  to  apply  any  detailed 
scheme  of  classification  beyond  the  region  for  which  it  was  con- 
structed. 

The  Basal  Deposits.  Tracing  the  formation  of  these  subdivisions 
historically,  it  is  to  be  remarked  that  there  first  gathered  a  great 
stratum  of  calcareous  material,  which,  on  consolidation,  became  a 
coarse,  rough,  cherty,  brecciated  bed  of  buflf  magnesian  limestone, 
reaching  a  maximum  thickness  of  100  feet  and  an  average  of  per- 
haps 60  feet — the  May  ville  beds.  This  stratum  occupies  the  area 
lying  next  east  of  the  Green-Bay-Rock-River  valley,  and  is  repre- 
sented in  the  protecting  caps  of  the  mounds  of  the  Lead  region. 

There  ensued  a  slight  change  of  conditions  under  which  the  cal- 
careous material  was  uniformly  reduced  to  a  fine  powder,  and  spread 
with  great  evenness  over  the  sea  bottom,  ultimately  producing  a 
beautiful,  white,  fine-textured  magnesian  limestone.  Some  diversity 
of  conditions  began  to  appear  at  this  time,  between  the  southern 
and  the  northern  regions,  resulting  in  the  Waukesha  beds  in  the 
former,  and  the  Byron  and  Coral  beds  in  the  latter.  This  diversity 
is  to  be  associated  in  thought  with  that  noted  in  the  Galena  and 
Hudson  Kiver  epochs,  and  was  probably  due  to  the  same  ultimate 
cause. 

Coral  Reefs,  At  the  south  there  probably  began  to  grow  as  early 
as  this,  the  most  ancient  coral  reefs  yet  identified,  though  their  ob- 
served development  only  appears  a  little  later.  They  probably  had 
their  seat  upon  the  coarse  underlying  Mayville  beds,  whose  texture 
shows  that  they  were  formed  in  relatively  shallow  water,  to  which 
present  coral  reef  growths  are  limited.  These  grew  upward  through 
the  succeeding  strata,  developing  themselves  most  characteristically 
in  the  Eacine  beds.  For  60  miles  or  more  along  the  eastern  border 
of  the  State,  and  probably  extending  southward  into  Illinois,  there 
lay  a  chain  of  barrier  reefs.  They  now  appear  as  irregular  domes 
and  prominences  of  rock.    Not  only  were  they  the  habitat  of  Corals 
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of  a  score  or  more  of  different  species,  bat  they  were  adorned  by 
numerous  Crinoids,  and  delicate  Bryozoans,  and  enlivened  by  multi- 
tudes of  unique  Trilobites,  while  the  lowly  MoUusks  crept  over  them, 
and  the  gigantic  Cephalopods  dominated  the  whole. 

The  individual  reefs  differed  measurably  from  each  other  in  the 
prevailing  forms  of  life  that  dwelt  upon  them.  One  of  them,  now 
partially  exposed  near  Saukville,  presents  a  rock  that  is  little  more 
than  a  mass  of  coral  remains  imbedded  in  calcareous  sand.  One 
near  "Wauwatosa,  the  best  exposed  and  most  widely  known,  is  notar 
ble  for  the  abundance  of  its  Trilobites,  although  other  fossils  are  very 
abundant.  At  the  quarries  near  Bacine,  where  the  reef  character 
is  less  conspicuous,  Crinoids  grew  in  a  profusion  unsurpassed  in 
these  ancient  seas,  so  far  as  knowledge  extends.  Other  reefs  present 
scarcely  less  striking  peculiarities. 

These  reefs  and  the  adjacent  deposits  illustrate  more  beautifully 
than  anything  else  among  the  ancient  formations,  the  method  by 
which  limestone  deposits  were  formed.  The  reefs  themselves  are 
composed  of  the  commingled  relics  of  the  life  that  grew  upon  them, 
in  all  stages  of  destruction.  There  may  be  seen  coralline  masses 
standing  erect  in  the  rock  precisely  as  they  grew,  having  entirely 
escaped  destruction  during  their  burial  in  the  growing  reef.  In  other 
instances,  only  remnants  of  masses  are  left,  the  greater  portions  hav- 
ing been  broken  down  or  worn  away.  There  arQ  detached  fragments 
showing  various  degrees  of  wear,  and  also  coarse  and  fine  detritus, 
the  ultimate  product  of  the  comminuting  process.  These,  combined, 
make  up  the  mass  of  the  reef-rock.  There  is  evidence  that  some  of 
the  material,  after  having  been  once  solidified,  was  again  broken  up 
by  the  waves,  and  redeposited,  forming  a  coarse,  brecciated  mass. 
The  spaces  between  such  masses  are  often  filled  with  granular,  sand- 
like material,  in  which  fossils  sometimes  occur,  as  though  the  ani- 
mals had  sought  the  protection  of  these  sheltered  nooks,  or  as  if 
their  remains  were  driven  by  the  waves  into  them.  Evidences  of 
worn  hollows  and  recesses  in  the  reefs  may  be  found. 

The  striking  likeness  which  these  formations  bear  to  modern  coral 
reefs  will  be  seen  by  comparison  with  the  following  vivid  description 
of  the  latter  by  Prof.  Dana: 

"Generally  the 'barren  areas  much  exceed  those  flourishing  with  zodSphytes, 
and  not  unf  requently  the  clusters  are  scattered  like  tufts  of  vegetation  in  a  sandy 
plain.  The  growing  corals  extend  up  the  sloping  edge  of  the  reef,  nearly  to  low 
tide  level.  For  ten  or  twenty  rods  from  the  margin,  the  reef  is  usually  very 
cavernous  or  pierced  with  holes  or  sinuous  recesses,  a  hiding  place  for  crabs  and 
shrimps,  or  a  retreat  for  the  echini,  asterias,  sea-anemones  and  mollusks;  and 
over  this  portion  of  the  platform,  the  gigantic  Tridacna,  sometimes  over  two  feet 
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long  and  five  hundred  pounds  in  weight,  is  often  found,  lying  more  than  half 
buried  in  the  solid  rock,  with  barely  room  to  gap  a  little  its  ponderous  shell,  and 
expose  to  the  waters  a  gorgeously  colored  mantle.  Further  in  are  occasional 
pools  and  basins,  alive  with  all  that  lives  in  these  strange  coral  seas.  The  reef 
rock,  where  broken,  shows  commonly  its  detritus  origin.  Parts  are  of  compact, 
homogeneous  texture,  and  solid  white  limestone,  without  a  piece  of  coral  dis- 
tinguishable, and  rarely  an  imbedded  shelL  But  generally  the  rock  is  a  breccia  or 
conglomerate,  made  up  of  corals  cemented  into  a  compact  mass,  and  the  frag- 
ments of  which  it  consists  are  sometimes  many  cubic  feet  in  size."  ''Besides 
corals,  the  shells  of  the  seas  contribute  to  it,  and  it  sometimes  contains  them  as 
fossils,  along  with  bones  of  fishes,  exuvia  of  crabs,  spines,  and  fragments  of 
Echini,  Orbitolites  (disc-shaped  foraminifers),  and  other  remains  of  organic  life 
inhabiting  reef  grounds."  ^ 

Fio.  46. 


Pboitlb  Illustrating  the  formation  of  the  Niagara  reefi  and  adjacent  limestone.  At  the  ris^t, 
a  mound-like  coral  reef  is  represented,  on  the  slopes  of  which,  coarse,  broken,  reef -material  col- 
lected. On  the  adjacent  sea-bottom,  calcareous  sand  accumulated,  illustrated  by  the  dotted  por^ 
lion  of  the  diagram.  This  grades  into  fine  calcareous  sediment,  represented  by  the  lined  portions. 
Near  the  shore  coarse  material  was  again  formed. 

Formations  Adjacent  to  the  Coral  Reefs.  The  depositions  between 
and  about  the  ancient  Wisconsin  reefs  are  similarly  instructive.  On 
the  sides  and  at  the  bases,  there  accumulated  a  mixture  of  fragments 
and  calcareous  sands,  growing  finer  and  finer  as  the  distance  from 
the  parent  reef  increased  and  the  slope  of  the  bottom  became  more 
gentle,  until  at  length,  having  passed  through  the  several  granular 
stages,  there  was  a  graduation  into  white  calcareous  mud,  which 
spread  itself  widely  over  the  sea-bottom  around  the  reefs,  and  between 
them  and  the  adjacent  land.  This  fine  calcareous  sediment  gave  rise 
to  the  white,  compact  limestones  of  the  region. 

On  the  sub-marine  sand-plains  (calcareous),  about  the  reefs,  life 
flourished,  but  with  markedly  less  luxuriance  than  upon  the  reefs. 
Mollusks  and  Crinoids,  however,  appear  to  have  been  relatively  more 
favored  there  than  upon  the  reefs,  and  are  abundant.  Over  the 
white  mud  flats  there  seems  to  have  been  a  relative  scarcity  of  life. 
The  reef -frequenting  forms  are  there  rare.  The  great  Orthoceratites 
were,  however,  quite  abundant,  as  is  well  illustrated  by  their  fre- 
quent remains  in  the  white,  compact  limestone.  From  such  obser- 
vations as  can  now  be  made,  it  would  appear  that  they  frequented 
the  vicinity  of  the  reefs,  for  their  remains  seem  to  be  most  abundant 
in  their  neighborhood.  This  would  be  natural  if  they  were,  as  sup- 
posed, predatory  species,  depending  upon  inferior  animals,  such  as 
abounded  on  and  about  the  reefs,  for  their  sustenance. 

>  Corals  and  Coral  Islands,  pp.  174^ 
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The  ancient  Nia^ra  seas  presented,  therefore,  the  simultaneous 
aooumulation  of  three  classes  of  calcareous  rock,  viz. :  the  brecciated, 
the  granular,  and  the  compact,  all  derived  essentially  from  the  same 
source — the  relics  of  the  reef  life. 

Different  Ph/ise  of  Deposition  North  of  the  Reefs.  These  reefs 
have  not  been  satisfactorily  traced  north  of  Washington  and  Ozau- 
kee counties,  and  beyond  that  latitude  they  seem  to  have  given  place 
to  another  and  scarcely  less  interesting  phase  of  life-work.  It  is  in- 
structive to  note,  in  passing,  that  it  was  in  this  same  latitude  that 
the  lower  formations,  particularly  the  Galena,  underwent  a  change 
that  indicates  similar  oceanic  conditions,  viz. :  a  transition  from  a 
shallower  exposed  sea-bottom,  to  a  deeper  and  more  protected  one, 
accompanied  by  a  change  from  a  more  irregular,  to  a  more  homo- 
geneous deposit. 

As  the  reefs  die  away  to  the  northward,  there  appears  in  their 
stead  a  more  uniform  and  regularly  stratified  limestone,  containing 
more  aluminous  and  silicious  material,  probably  the  product  of 
earthy-wash  from  the  land.  Over  this  area,  the  life,  instead  of  being 
gathered  together  upon  reefs,  spread  widely  over  the  sea  bottom 
and  enriched  the  beds  with  its  remains.  More  quiet  conditions  ap- 
pear to  have  prevailed  over  this  region,  and  the  life  relics  were  left 
imworn  and  unbroken  to  a  greater  degree  than  upon  the  more  ex- 
posed reefs  of  the  southern  seas.  Shells  are  to  be  found  standing 
on  their  edges,  in  the  hardened  sediments,  apparently  undisturbed 
where  death  left  them.  Corals  are  to  be  seen  in  great  abundance, 
resting  on  their  bases  as  they  grew.  Nevertheless,  nature's  pervad- 
ing law  of  universal  change  is  here  characteristically  set  forth. 
While  mechanical  forces  left  these  fossils  exceptionally  intact,  chem- 
ical agencies  stepped  in,  in  compensating  activity,  to  effect  their 
change.  The  skeletal  products  left  by  the  living  beings  were  com- 
posed essentially  of  lime-carbonate.  In  a  large  portion  of  the  fos- 
sils, this  was  subsequently  removed,  particle  by  particle,  and  silica 
substituted  in  its  stead,  so  that  while  their  forms  and  structure  are 
still  beautifully  preserved,  often  even  in  their  most  delicate  details, 
the  material  has  been  entirely  changed  from  lime-carbonate  to  silica. 
Silicified  corals  appear  at  certain  horizons  in  numbers  and  perfection 
probably  unrivaled  elsewhere  except  in  contiguous  areas  of  Michigan. 

Corals  were  the  predominant  form  of  life,  greatly  exceeding  all 
others.  Thirty  species  have  been  identified,  and  some  of  them  were 
remarkably  prolific  in  individuals.  In  this  region,  as  well  as  in  that 
farther  south,  there  were  beds  of  the  large  Brachiopod,  Pentainerus 
dblangm^  so  thickly  studded  with  remains  as  to  suggest  a  likeness,  in 
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this  regard,  to  the  oyster  beds  of  the  present  day,  and  were  they 
not  so  different  in  real  nature,  they  might  abnost  be  termed  the 
oysters  of  the  Silurian  seas. 

Toward  the  close  of  the  epoch,  the  conditions  in  the  northernand 
southern  regions  seem  to  have  become  more  nearly  alike. 

A  brief  summary  of  the  character  of  the  subdivisions  of  the 
formation  may  be  here  serviceable.  The  fuller  details  will  be  found 
in  Vol.  II,  p.  336  et  seq. 

The  Southern  Series.  MayviUe  Beds.  Owing  to  the  different  conditions 
prevalent  in  the  northern  and  southern  regions,  the  succession  of  strata 
varies  correspondingly.  At  the  south  the  beds  of  this  period  consist  of 
coarse,  rough,  thick-bedded,  irregular,  and,  in  part,  brecciated  and  cherty,  buflP 
or  gray,  magnesian  limestone,  reposing  on  the  Hudson  River  shales,  and  consti- 
tuting the  basal  member  of  the  group.  This  member  likewise  prevails  in  the 
northern  region,  where  it  has  essentially  the  same  characteristics.  These  have 
been  designated  the  Mayville  beds. 

Waukesha  Beds,  At  the  south  there  repose  on  these  the  Waukesha  beds, 
which  vary  in  character,  but  over  the  greater  area  they  consist  of  a  fine-grained, 
compact,  thin-bedded,  white,  magnesian  limestone,  as  illustrated  by  the  Wau- 
kesha and  lower  Pewaukee  rocks.  At  some  points  they  contain  numerous 
nodules  of  white  chert.  These  prevalent  compact  rocks  sometimes  give  place  to 
more  granular  forms,  and  these  again  to  a  brecciated  variety  similar  to  that 
found  in  the  reefs.  But  this  phenomenon  develops  less  prominence  (so  far  as 
the  exposed  portions  of  the  formation  show)  than  in  the  succeeding  Racine  beds. 

Racine  Beds,  The  rocks  of  this  group  are  the  immediate  successors  of  the 
Waukesha  beds,  to  which  they  are  closely  related.  The  rock,  while  universaUy 
a  magnesian  limestone,  is  highly  various  in  character,  including  different  grades 
of  compact,  granular,  and  brecciated  rock.  These  graduate  into  each  other 
horizontally  as  already  explained.  They  include  the  greater  part  of  the  mound- 
like reefs  already  described. 

The  Northern  Series.  In  the  northern  region,  as  best  exhibited  in  the 
Green  Bay  peninsula,  there  occur  the  following  subdivisions  of  the  Niagara 
group: 

At  the  base,  there  lie  the  Mayville  beds,  essentiaUy  as  at  the  south. 

Byron  Beds.  Overlying  them  is  a  compact,  fine-grained,  thin-bedded,  white 
magnesian  limestone  which  reaches  a  maximum  observed  thickness  of  110  feet. 
At  points  the  color  changes  to  light  gray  and  cream  tints,  and  at  some  points  is 
lined  and  mottled  with  pink  in  a  very  handsome  manner.  Some  portions  of 
this,  as  that  near  Brillion,  is  capable  of  taking  a  fair  polish,  and  of  subserving  the 
purpose  of  a  handsome  ornamental  marble.  This  stratum  is  nearly  devoid  of 
fossils  except  in  the  town  of  Byron,  where  L^>erditia  fonticola  occurs  in  con- 
siderable abundance. 

Lower  Coral  Beds,  The  Byron  Beds  pass  up  by  a  series  of  alternating  coarse 
and  fine-grained  layers  into  a  rough,  heavy-bedded  dolomite,  of  crystalline- 
granular,  and  rather  soft  texture,  constituting  the  Lower  Coral  beds.  They  are 
characterized  by  an  abundance  of  Favositoid  corals,  and  by  varieties  of  the 
Brachiopod,  Pentamerus  oblongus. 

Upper  Coral  Beds.  The  Lower  Coral  beds  pass  above  into  thin-bedded,  gray 
or  buff  dolomites,  of  rather  hard,  fine-grained,  earthy  texture,  characterized  by 
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thin,  irregular  beds,  coataining  mucli  ulicious  material  in  the  form  of  flint  and 
ailicified  corala.  These  beds  are  exceedingly  proli&o  in  corals,  with  which  are 
associated  but  few  other  species. 

Racine  Beds.  Overlying  these  are  layers  regarded  as  the  equivalents  of  the 
Racine  beds  at  the  south.  They  are  here  leas  irregular  and  varying  in  texture, 
being  rather  coarse,  gray  or  blue  dolomite,  disposed  in  beds  of  medium  thick- 
ness, which  are  only  moderately  fossiliferous,  Pentamerus  ventricosua  predomi- 
nating, associated  with  corals  and  Trilobitee. 

Outlph  Beds.  Overlying  the  foregoing.at  some  points  in  the  vicinity  of  Ia1c« 
Hicbigan,  isfounda  magnesian  limestonenot  essentially  different  from  the  fore- 
going in  lithological  character  —  being  a  rough,  thick -bedded,  irregular,  bufF, 
gray  or  blue  dolomite,  —  which  was  first  demonstrated  by  the  present  survej'  to 
be  the  equivalent  of  theOuelph  beds  of  Canada.'  The  distinction  is  a  pabeon- 
tological  ratber  than  a  physical  one.  la  the  latter  respect  there  is  less  difference 
between  the  Quelph  and  Racine  beds  thaa  between  either  of  the  other  members 
of  the  Niagara  group.  There  was  evidently  no  marked  change  in  the  physical 
history  of  the  region,  but  essentially  the  same  caniiitioiis  prevailed  from  the 
beginning  of  the  deposit  of  the  Racine  iimealono  to  tlie  close  of  the  formation  of 
theOuelph  beds.  During  the  time,  however,  life  underwent  a  change,  by  the 
introduction  of  the  species  which  characterize  the  Guelph  liorizon.  This  Intro- 
duction was  gradual,  so  that  many  localities  show  a  mlngUng  of  the  two  faunas. 
There  is  also  reason  to  believe  that  the  introduction  was  local  and  colonial  in 
character,  the  Guelph  life  taking  possession  of  chosen  localities,  while  the  Ra- 
cine fauna  prevailed  at  others.  Because  of  these  intimate  r..>lations,  the  Guelph 
beJs  are  regarded  as  but  a  subdivisio.i  of  the  Niagara  group,  and  are  classed  with 
the  other  members,  although  the  change  in  the  life  was  somewhat  more  marked 
tlian  that  which  accompanied  the  transition  between  the  lower  subdivisions. 

Tkicknesa.  Ue.-isurlng  the  series  as  a  whole,  it  is  found  to  reach  a  maximnm 
thickness  of  nearly  800  feet.  This  greatt'st  depth  occurs  at  about  the  center  of 
the  belt,  in  the  vicinity  of  Shelwygan,  but  nortb  of  the  point  where  the  water 
of  the  period  began  to  deepen,  and  the  ampler  northern  series  to  appear.  The 
total  thickness  of  the  southern  series  is  less. 
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Life.  The  general  character  of  the  life,  and  the  interesting  cir- 
cumstances under  which  it  grew,  no  less  than  the  instructive  results 
which  it  produced,  have  already  baen  noted.  It  remains  to  call 
attention  to  some  of  its  special  forms. 
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Plants.    While  seaweeds  may  have  existed  abnndantly,  only 
obscure  undeterminable  forms  referred  to  Buthotrepkia,  have  beea 

fOQOd. 

Protozoana.  Of  theroraminifers, 
two  small  species  of  Receptaoulites 
occur  in  the  Kacine  beds,  showing 
a  continuation  of  the  genus  onward 
from  the  Galena  Hmestone,  but  the 
species  are  greatly  rednced  in  size. 
Stromatapora  concentrica  is  abun- 
dant, and  ranges- entirely  through 
the  formation.  Its  classification  is 
doubtful,  being  referred  by  some  to 
calcareous  sponges,  and  by  others  to 
foraminifers. 

Corals.  Corals  were  represented 
by  upwards  of  forty  determined  spe- 
cies, beside  fragmentary  indications 
of  others.  Among  them,  the  Fa- 
Tositoid  corals  greatly  predomi- 
nated, though  the  group  embraced 
a  wide  range,  both  of  species  and 
genera.  The  leading  genera  were 
FmjoaUes  (a  "  Honey-comb  coral "), 
Astrooerium  ("  Star  coral "),  Se- 
UoUtea  {"  Sun  coral "),  Ifalyaiiea 
("  Chain  coral "),  SyHngopora  ("Or- 
gan-pipe coral"),  ZaphrenHa  (a 
"Cup  coral"),  Ampleseus,  Dipki- 
phyUum,  Chonophyllum,  and  Oyati- 
phyUwm. 

Ormoids.    Among  the  Crinoidea, 

both  the  Cystids  and  Crinoids  proper 

were  well  represented,  the  former 

by  twelve  determined  species,  the 

latter  by  more  than  twice  that  num- 

j  ber.     The  abundaace  of  these  in 

I  chosen  localities,  particularly  at  Ka- 

I  cine,  is  exceptionally  great.     Half 

I  of  the  Cystidean  species  belong  to 

i\\figea\ssIIolocy8titea.    Of  Crinoids 

proper,  the  genera  Eucalyptocrinue, 
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Offoifiocrmus  and  Garyocrmus  were  most  common,  the  beautiful 
Caryocrinua  onuUua  being  the  leading  species. 

Bryozoans.  The  Bryozoana  were  well  represented  by  several  del- 
icate forms,  but  were  greatly  inferior,  in  numbers  and  Tariety,  to 
those  of  the  Hudson  River  period. 

Fio  49 


KuoA&A  CoBALS.  o.  HalfilCaa  eatenulata  —  Linn,  b.aud  e,  Fatodtea  NlagareDsls. 
EOpon  couceatjics— Ooldf.  «,  STringopora  retUormlg  —  Bill.  /.  Strombodw  grscllii— BID. 
g.  Chonopbj-UuinNlagareiue  — H»U.  h.  HelloIltaEpinapon— Holt.  (.  Enlu^ed  surface  at  H, 
■P&ujpora.  J.  STrincopora  TeMcEllaCa  —  Ooldf.    ft.  S.  Dalnuuki— BUI.   I.  8.  oompacU  —  BlIL 

Srachiopoda.  Among  the  Brachiopods,  of  which  upwards  of 
forty  species  have  been  collected  within  the  State,  the  genera  OrtAig, 
Sirophomena,  and  Rhynchonella  Btill  prevailed,  but  less  abundantly 
than  in  the  Trenton  period.  Spirifers  were  introduced,  five  species 
being  present.  The  genus  Atrypa  was  represented  by  the  prolific 
and  widely  varying  species  A.  reticularia,  and  by  A.  nodostriata. 
The  genus  Pentamerm  surpassed  all  other  Brachiopods  in  number  and 
size.  The  large  Pentamerus  dblongm  occurred  in  great  numbers 
and  variety  in  the  middle  of  the  series,  being  rare  toward  the  base, 
and  apparently  absent  from  the  uppermost  beds.  The  smaller,  but 
handsomer,  P.  ventrtoosus,  is  very  abundant  in  certain  localities  in 
the  horizon  of  the  Racine  beds. 


UPPEB  SILUBIAH  AOa 
FIQ.  SO. 


NuoABA  CrvnM.  a.  Oomphocritltea  glui*' 
nocj-Btlieanodoaua  — Hall.  d.  Summit  view  o(i 
drlcui — BalL   jy.  H-  ikbDonnJa — BAIL 
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Lamdlibnmcht.  Lamellibranchs  were  not  abundant,  and  mainly 
belonged  to  the  genera  Leptodtnrme  and  Modidopsis.  The  large  and 
beantifol  MegtUomut  Canadensia  characterizes  the  Gnelph  beds. 

OcKteropodt.  Gasteropods  were  represented  by  forty  species, 
among  which  those  of  the  genera  Pleuroiomaria,  and  Murchiaonia, 
predominated.  Of  these  Pleurotoma/ria  Laphami,  P.  Hoyi  and  P. 
Malai  commemorate  the  services  of  worthy  Wisconsin  laborers  in 


Wuaui   Bm^conopaD*  Ano  IjMgijjBBAmm.     a.   Oboloi  Oonndl;   call 
t.  PanUunerui  oblangui  —  Hurch.    e.   Fentamam  veueriooaiu  —  Hall.   d.   BpirUera  nobUli  — 
Bur.    a.  B-Ueta—Haa    /.  Kodlolopal*  rects— Hall.    g.  Ptflrlnaa  brlM  —  UcChcs. 

Heteropodi.  Only  a  single  Ketsropod,  Bucania  trigonoetoma,  has 
been  collected,  while  Pteropoda  have  not  yet  been  found, 

Cephalopods.  Thirty-five  species  of  Cepbalopods  have  been  identi- 
fied, more  than  one  third  of  which  belong  to  the  genus  Orthocerae. 
Oyrtooeraa,  Phragmocerat  and  Oyrocerat  were  also  abundantly 
represented. 

Oruataceant.  I^erditia  fonticola  represented  the  Entomostrar 
cans.  Among  Trilobites,  the  handsome  CalymeTie  Hfiagarsnaia  had 
a  wide  distribution,  but  the  geaus  lUwnus  surpassed  in  size,  number 
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of  species,  and  abandance  all  other  forms.  The  lUwrnts  imperaior 
was  one  of  the  largest  Trilobites  that  ever  freqaented  our  shores. 
The  lUam-ua  lossus  and  I.  inaignU  were  abaadaat  and  characteristic 
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of  the  upper  horizons,  to  which  the  whole  groap  was  mainly  con- 
fined.    C^aurua  Niagaa-ensia  was  a  notable  form,  while  Spharexo- 
Fio.  60. 


andpiMltlon  at  alp] 
^lOMTU  tcriiiliini' 


t.  Ortlioceraa  ovbeaoens— H>ll;  &  frajcmant  sbowliig  depth  of  aepu 
b.  0.  (umuUtum  — SowT,  e.  CyrUKiaa  brevlconie— HaU.  d.  Ogin- 
«.  OacocaruOrcM— HalliK 
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cAtM  Homingeri  is  one  of  the  strangest  of  this  strange  group  of  fos- 
aUs.  All  species,  however,  yield  to  the  magnificent  ^wnfeiMXopAajTii. 


NiMABi  TaiLOBTTCi.  a.  Heail  of  Dalmanlti  tleilana  —  Hall.  b.  Pfglilium  of  D.  TigUans. 
c.  FJgldiumandpartot  tbonu  of  EacrinurusomaEug  — II.  and  W.  d.  Glabella  anij  chiwlis  ot 
IJchaa  breiiceps.  c.  FyEltHum  of  Broataus  LapbamI  —  Wbltt.  (from  a  snutU  Bpeclmen), 
/.  SphaBreiochiu  RomlngerJ  —  Hall.  g.  Glabella  ood  port  ol  one  fixed  cheek  of  Ceraunu  Klig*- 
rm^  — HbU,  h.  Head  of  lUaenusinsL^ls  — Hall.  i.  Head  of  I.  loius  — Hall,  /and  k.  Lllad- 
toonbtDos  —  Wbltf.    t,  Caijmeua   NiasarenBls  —  Conrad,     nt.  FronC   sod    lower    olds    of   C. 


Comparieon.  with  Preaiotts  Fauiiaa.  Comparing  the  fauna  of  the 
Niagara  with  that  of  the  preceding  periods,  it  will  be  observed  that 
no  new  type  was  introduced,  and  that  the  modifications  in  the  facies 
of  life  consisted  of  changes  in  genera  and  species,  and  the  relative 
development  or  repression  of  particular  classes.  Perhaps  the  most 
noteworthy  feature  is  the  great  superiority  of  the  radiate  life  in  this 
period,  as  represented  by  the  Corals  and  Crinoids,  both  of  whicii 
groups  vastly  surpassed  any  previous  development.  The  Cephalo- 
pods  still  held  the  lordship  of  the  sea,  and  exceeded  in  numbers  — 
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but  apparently  not  in  size  —  their  predecessors  of  the  Trenton  seas. 
The  Brachiopods  held  on  their  even,  conservative  course.  The 
Lamellibranchs  were  inferior  in  numbers,  but  exceeded  in  size  those 
of  the  Trenton  epoch.  The  Grasteropods  maintained  their  abun- 
dance and  increased  their  size,  but  became  relatively  less  conspicuous 
because  outstripped  by  other  and  more  striking  forms.  Bryozoans 
seemingly  declined,  and  the  Graptolites  apparently,  but  probably 
not  really,  disappeared. 

Colonial  Tendencies,  A  characteristic  of  the  life  distribution  of 
the  period  was  the  localization  of  special  forms  already  alluded  to. 
This  found  its  most  striking  expression  among  the  reef-builders,  as 
alreadv  indicated.  But  in  addition  to  this  si«rnal  fact  there  seems 
to  have  been  a  prevailing  tendency  toward  gathering  into  colonies, 
so  that  special  localities  are  notable  for  peculiar  richness  in  given 
types  —  as  Racine,  for  Orinoids;  Wauwatosa,  for  Trilobites;  Wau- 
kesha, for  Orthoceratites;  Pewaukee,  for  Pentamerua  obl/yngus; 
Burlington,  for  IVUbyius  imperator;  Kewaunee,  for  Pentmnems  ven- 
trico»us;  Saukville,  for  Corals,  and  Greenville  for  Atrypa  reticularis. 
On  the  other  hand,  the  Upper  Coral  beds  of  the  Green  Bay  penin- 
sula are  remarkable  for  their  uniformly  rich  abundance  of  Favositoid 
corals. 

State  Distribution,  The  Niagara  limestone,  as  at  present  exposed, 
occupies  nearly  all  the  belt  lying  between  the  Green-Bay-Rock-River 
.valley  and  Lake  Michigan.  Its  outcropping  lower  ledges  form  the 
mural  cliffs  that  skirt  the  valley  on  the  east.  From  these  the  strata 
dip  eastward  beneath  the  lake,  higher  horizons  appearing  in  succes- 
sion as  the  lake  is  approached.  Niagara  limestone  also  caps  the 
mounds  in  the  southwestern  portion  of  the  State.  These  are  but 
remnant  portions  of  the  original  formation  that  undoubtedly  once 
covered  all  the  southern  part  of  the  State,  the  rest  having  been 
removed  by  the  erosion  of  the  ages. 

American  Distribution.  The  Niagara  limestone  has  a  less  wide  surface  distri- 
bution in  the  interior  than  the  Trenton  and  Hudson  River  formations.  The 
interior  sea  was  filling  and  contracting,  and  the  extent  of  the  formations  was 
correspondingly  reduced.  Tracing  eastward,  like  the  preceding  formations,  it 
sweeps  around  the  north  edge  of  the  basins  of  Lakes  Michigan  and  Huron,  and 
forms  their  western,  northern,  and  northeastern  shores.  Leaving  Lake  Huron 
at  the  peninsula  between  it  and  Georgian  Bay,  it  passes  southeasterly  to  Niagara 
Falls,  its  denominative  locality,  and  thence  eastward  beyond  the  center  of  New 
York,  thinning  out  toward  the  Hudson.  Along  the  Appalachian  range,  it  occurs 
in  Pennsylvania,  Virginia,  and  Tennessee. 

From  Eastern  Wisconsin,  it  swings  across  northern  Illinois  and  extends  north- 
westerly through  Iowa  into  Minnesota,  and  perhaps  has  a  considerable  surface 
development  in  the  British  Possessions. 
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LowKK  Helderbero  Epoch. 

Note. — The  place  of  this  epoch  in  the  Silurian  system  has  already  been  given. 
Two  small  areas  in  Eastern  Wisconsin  are  our  only  representatives  of  the  forma- 
tion, and  these  cannot  be  positively  asserted  to  be  of  this  age.  The  formation 
has  an  essentially  eastern  development,  and  derives  its  name  from  the  Holder- 
berg  mountains,  New  York. 

For  fuller  details,  see  VoL  II,  pp.  890-394  (Chamberlin);  VoL  IV,  pp.  320-823 
(Fossils,  Whitfield). 

At  two  points  in  Eastern  Wisconsin  (Mud  Creek,  Milwaukee 
count3%  and  Waubakee,  Ozaukee  county),  there  are  small  areas  of 
rock  referred,  somewhat  doubtfully,  to  the  Lower  Helderberg 
period.  At  the  former  locality,  the  rock  is  a  hard,  brittle,  light- 
gray,  magnesian  limestone,  distinguished  by  numerous  minute, 
angular  cavities,  that  give  it  a  very  peculiar  porous  structure.  It  is 
thin-bedded  and  laminated,  by  virtue  of  which  it  splits  readily  into 
flags  and  thin  plates.  Some  layers  exhibit  an  alternation  of  gray 
and  dark-colored  laminae  peculiarly  characteristic  of  this  formation. 

At  the  other  locality,  a  somewhat  similar  light-gray,  thin-bedded, 
shaly,  but  less  porous,  dolomite  occurs.  In  this  area  there  are  also 
found  very  thin  beds  of  a  softer  dark  dolomite,  colored  by  carbo- 
naceous matter,  sometimes  disposed  in  frequent  black,  or  dark-brown 
laminae,  which  give  to  the  rock  an  appearance  quite  peculiar. 

At  the  first  locality,  the  rock  is  closely  associated  with  the  Niag- 
ara limestone,  in  a  depression  of  which  it  appears  to  lie.  It  is  over- 
lain by  rock  of  the  Middle  Devonian  age  (Hamilton).  At  the 
"Waubakee  locality,  tie  formation  is  similarly  related  to  the  Niagara 
group,  but  is  not  known  to  be  covered  by  any  later  formation,  save 
the  drift. 

Fossils.  Unfortunately  these  deposits  have  failed  to  leave  us  an 
unequivocal  record  of  their  age,  since  their  stratigraphical  and  litho- 
logical  characters  are  capable  of  more  than  one  interpretation,  and 
the  fossils,  to  which  we  naturally  turn  for  testimony,  are  either 
obscure  or  somewhat  indecisive  in  character.  At  Mud  Creek,  a  fair 
specimen  of  MerisieUa  nucleolaia^  an  Orthisy  resembling  a  young 
O,  oblata^  and  an  imperfect  specimen  of  a  MeristeUa  or  Pentamems 
were  the  only  reward  of  repeated  and  diligent  search.  At  "Wau- 
bakee, the  remains  of  Leperditia  are  very  abundant,  literally  cover- 
ing the  surface  of  some  layers,  and  are,  to  a  greater  or  less  extent, 
disseminated  through  the  mass  of  some  of  the  beds ;  but,  unfortu- 
nately, the  state  of  preservation  is  poor.  A  careful  examination 
and  comparison  of  a  large  number  of  specimens  leaves  little  doubt 
that  the  fossil  is  Leperditia  alta.    In  the  carbonaceous  matter  of 
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the  soft  dark  layers,  there  are  many  indications  of  plant  remainSy 
among  them  forms  resembling  SpJienotJiaUvs.  In  addition  to  these, 
two  species  of  Orthis  have  been  found,  one  resemblmg  Orihia  obUUa^ 
and  the  other  closely  similar  to  0.  subcarinatOj  but  snialler.  JPter- 
inea  (wicidoidea,  or  a  very  closely  allied  species,  an  imperfect  Oriho- 
ceras,  and  a  doubtful  Inocavlia  are  also  present.  The  facies  of  this 
fauna  is  strikingly  similar  to  that  of  the  Lower  flelderberg,  and  to 
that  period  the  formation  is  referred. 


a 


^ 


Fia.  58. 


r  \ 


LowKR  Hklderbxro  Fossilb.  a.  Pterinea  aviculoidea— Hall.  6.  Meiistella  nuctoolata—yancDL 
c  Orthis  subcarixuita— Hall.    d.  O.  oblata— HalL    e.  Leperditiaalta— Conrad. 

Tfie  Salina  .Epoch.  If  this  reference  be  correct,  it  would  appear 
that,  at  the  close  of  the  deposit  of  the  Guelph  limestone,  the  sea 
withdrew  for  an  interval,  during  which  the  salt-bearing  Onondaga 
beds  of  eastern  localities  were  de|x>sited  in  shallow  basins,  alter- 
nately connected  with,  and  cut  off  from,  the  sea,  thus  acting  as  great 
evaporating  pans,  first  filled  and  then  dried,  producing  the  peculiar 
saline  formations.  At  tha  close  of  this  salt-forming  epoch,  the  sea 
advanced  so  as  to  encroach  slightly  upon  the  eastern  border  of  "Wis- 
consin, producing,  in  depressions  of  the  Niagara  surface,  the  local 
deposits  above  described,  which  were,  when  formed,  doubtless  more 
extensive  than  they  now  appear,  having  been  worn  away  by  subse- 
quent denudation. 

The  thinning  of  the  Lower  Helderberg  formation  westward  has 
been  a  common  remark  of  geologists,  in  harmony  with  which  we 
find  its  vanishing  edge  in  Eastern  Wisconsin. 

After  forming  this  little  deposit,  the  waters  again  withdrew,  leav- 
ing the  State  entirely  land  for  another  considemble  interval. 

A  Different  Interpretation.  While  this  seems  to  be  the  best  sup- 
ported view,  it  may  not  be  impossible  that,  as  the  Niagara  sea  was 
retiring,  lingering  deposits  took  place  in  depressions  partially  con- 
nected with  the  sea,  in  which  the  lagging  fauna  took  an  aspect  sim- 
ilar to  that  of  the  Lower  Helderberg. 

American  Distribution,  Tlie  Lower  Helderberg  formation  has  an  easterly 
distribution,  signifying  an  easterly  deepening  of  the  sea.  Wisconsin,  if  our 
identification  be  correct,  lay  on  the  western  margin.  In  the  adjoining  states 
eastward,  as  in  our  own,  it  is  barely  recognizable.    It  is  well  developed  in  Ohio 
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(thfe  Waterlime),  and  in  eastern  New  York,  and  southward  along  the  Appalachian 
range  through  New  Jersey,  Pennsylvania,  Maryland  and  Virginia,  to  Tennessee. 
It  also  occurs  in  New  Elngland  and  the  Provinces,  but  its  definite  boundaries 
are  not  yet  determined,  or  are  the  subject  of  difference  of  opinion. 

Close  of  the  Silurian  Age,  This  closed  the  Silurian  age,  an  era 
remarkable  for  its  quiet,  conservative  progress.  Its  sedimentation 
was  in  the  main  slow,  the  product  of  quiet,  almost  silent,  agencies. 
Slight  oscillations  of  surface  pervaded  the  age,  but  profound  dis- 
turbances and  volcanic  disquietude  were  foreign  to  our  shores. 

JOy^e  Progress.  So  also  in  the  life  progress  there  were  no  great  rev- 
olutions. No  great  types  either  entered  or  disappeared,  so  far  as  the 
record  shows.  It  is  not  impossible,  perhaps  not  improbable,  that 
vertebrates  may  have  existed  in  the  seas,  and  that  acrogenous  trees 
overspread  the  land,  since  there  are  evidences  of  this  elsewhere,  and 
there  are  thought  by  many  to  be  sufficient  grounds  for  the  belief, 
independent  of  the  testimony  of  direct  evidence.  But  even  the  pres- 
ence of  vertebrates,  if  real,  was  rather  supplementary  than  revolu- 
tionary in  its  effects  upon  the  faunal  aspects  of  the  age,  for  the 
dominant  forms  and  the  general  facies  remained  the  same.  No  evi- 
dence has  been  discovered  that  the  vertebrates  had  yet  made 
themselves  felt  by  any  important  suppression  or  modification  of  pre- 
existent  forms. 

Considered,  therefore,  in  its  general  phases,  whether  physical  or 
vital,  quietude  was  the  leading  characteristic  of  the  age. 

Considered  in  detail,  and  from  a  local  standpoint,  there  were 
changes,  apparently  somewhat  abrupt,  in  the  phases  of  sedimentation, 
and  there  were  local  interruptions  of  the  series.  So  also  among  vital 
phenomena,  there  were  seemingly  sudden  entrances  and  exits  of 
genera  and  species,  commonly  well  defined,  often  sharply  so,  but 
sometimes  joined  by  gradational  forms.  While  the  general  types 
remained  essentially  constant,  there  were  transitions  of  species.  All 
but  a  few  were  replaced  during  the  age.  This  replacement  does  not 
appear  to  have  been  generally  accomplished  by  gradational  stages, 
but  rather  by  abrupt  passages.  Whether  this  seemingly  sudden  in- 
troduction of  new  species  and  genera  is  real,  or  only  apparent,  is 
one  of  the  debated  questions  of  the  day,  and  must  await  the  more 
exhaustive  studies  of  the  future  for  its  satisfactory  settlement.^ 

1  The  '*  American  school  of  evolutionists  "  maintain  that  new  forms  of  life  were 
developed  (by  whatever  means  they  were  developed)  rapidly  at  certain  stages, 
and  under  certain  circumstances,  so  as  to  appear  in  the  geological  series  as  ab- 
rupt introductions,  thus  differing  from  the  evolutionary  view  maintained  more 
largely  abroad,  that  species  are  developed  by  slow  changes  through  a  long  series 
of  gradational  forms. 
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Foreign  EquivalenU  of  the  Upper  Silurian.  The  English  Upper  mnrian 
group  embraces  the  LLandoverj^the  Wenlock,  and  the  Ludlow  groups  of  Wales. 
These  occur  also  in  northern  England,  Scotland,  Ireland,  and  their  equivalents 
are  found  in  southern  Scandinavia,  in  Finland,  and  in  Russia,  between  the  Baltic 
and  the  Urals,  stretching  onward  into  Asia,  in  Bohemia  (Stages  E-H  8d  fauna 
of  Barrande),  in  Germany  in  detached  areas  (Thuringia,  Wald,  Hartz  Mts.),  in 
France  (?)  and  in  Sardinia. 

IiTTEBVAL  Between  Lower  HEmEBBERO  and  Hamilton  Periods. 

During  the  earlier  ages  there  were  breaks  in  the  geological  series 
occasioned  by  the  temporary  withdrawal  of  the  depositing  ocean, 
but  the  precise  work  accomplished  in  these  intervals  is  yet  unknown, 
and  may  ever  remain  so,  because  of  the  inaccessibihty  of  the  deposits 
then  formed.  In  the  less  ancient  eras,  similar,  but  less  prolonged, 
interruptions  occurred,  but  the  work  accomplished  during  them  is 
generally  recorded  by  deposits  elsewhere  accessible. 

As  previously  remarked,  after  the  little  Helderberg  deposits  on 
the  eastern  border  of  the  State  were  formed,  the  waters  retired  for 
an  interval  measured  by  several  successive  deposits  elsewhere.  The 
remainder  of  the  Lower  Helderberg  formation,  the  Oriskany  sand- 
stone, the  Cauda-galli  grit,  the  Schoharie  sandstone  and  the  Cornif- 
erous  limestone  form  the  record  of  the  interval  as  found  in  the  eastern 
portion  of  the  interior  basin.  It  is  worthy  of  note  that  these  are, 
in  the  main,  shallow  water  formations,  indicating  that  the  sea,  which 
retired  entirely  from  our  borders,  became  shallow  there. 

If  we  glance  backward  at  the  deposits  of  preceding  intervals, 
similar  instructive  facts  will  be  observed.  Immediately  before  the 
Helderberg  deposits,  the  Saliferous  strata  were  formed,  when  the 
ocean  was  so  far  shallowed  that  it  alternately  occupied  and  retired 
from  its  flat  borders.  At  a  similar  stage  at  the  beginning  of  the 
Upper  Silurian,  the  Medina  sandstone  records  the  work  of  a  shallow 
sea. 

In  all  these  it  appears,  therefore,  that  where  the  sea  retired  from 
the  Wisconsin  area,  it  became  shoal,  throughout  at  least  the  eastern 
portion  of  the  interior  basin,  and  hence  the  oscillations  that  insti- 
tuted these  changes  affected  a  wide  contiguous  area. 
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The  Devonian  formations  of  the  interior,  in  a  generalized  view, 
embrace  (1)  a  basal  sandstone  series,  (2)  a  central  limestone  group, 
and  (3)  an  overlying  shale  and  sandstone  series.  The  upper  limit  of 
the  system  has  been  the  subject  of  much  discussion  and  difference 
of  opinion,  which  means,  undoubtedly,  that  there  is  no  sharp  and 
clear  line  of  division  between  the  Devonian  and  Carboniferous 
formations.  As  none  of  the  formations  in  controversy  occur  in 
Wisconsin,  it  is  unimportant  to  our  purpose  to  determine  the  merits 
of  the  several  views.  The  following  scheme  lies  between  the 
extremes  of  opinion : 


Devonian 
Age  . .  ^ 


Closing  Detrital  Epochs 


Central  Limestone  Epochs. 


f  Chemung. 
Portage. 
G^nessee. 
Hamilton. 

Hamilton. 
(Western.) 
Comiferous. 


Sandstones 

and 

Shales. 


Limestones. 


Opening  Detrital  Epochs.,  i  Schoharie.     )  q^.^^^ 

\  Cauda-galli.   J 

Of  this  great  group,  only  a  thin  stratum  from  the  central  portion, 
the  Hamilton,  occurs  in  Wisconsin.  The  formations  of  the  opening 
and  closing  detrital  epochs  are  wanting,  because  it  was  only  in  its 
most  advanced  stage,  in  the  middle  of  the  period,  that  the  sea 
reached  our  territory.  We  have  therefore  only  to  deal  with  the 
limestone-forming  epoch. 

Hamilton  Epooh. 

Synoptical  Notes.  Formation  an  impure  limestone,  of  which  a  portion  pos- 
sesses valuable  hydraulic  properties.  Contains  numerous  fossils,  among  which 
are  land  plants  and  fishes.  Occupies  only  a  limited  area  north  of  Milwaukee. 
Name  derived  from  Hamilton,  N.  Y.,  where  the  formation  is  weU  developed. 

For  details,  see  Vol.  H,  pp.  895-405  (Chamberlin);  VoL  IV,  pp.  824-349 
(Fossils,  Whitfield). 
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CondiUons  and  Character  of  Deposition.  As  the  ages  rolled 
slowly  on,  the  sea  that  had  retired  in  the  later  Silurian  crept  back 
QpOQ  the  abandoned  land,  advancing  antil  it  encroached  slightly 
upon  the  eastern  mai^n  of  the  State,  where  it  deposited  a  mag- 
nesian  limestone,  mingled  with  silicious  and  aluminous  material, 
forming  a  combination,  a  portion  of  which  has  recently  become 
widely  known  for  its  excellent  hydraulic  properties  —  the  Milwaukee 
Cement  rocTt.  Precisely  how  far  the  deposit  originally  extended  is 
not  known,  as  it  has  been  reduced  by  eroding  agencies.  That  por- 
tion which  remains,  occupies  a  limited  area  on  the  lake  shore  imme- 
diately north  of  Milwaukee,  extending  inland  half  a  dozen  mites. 
The  cement  rock  proper  is  found  on  the  Milwaukee  river  just  above 
the  city.  It  is  a  rather  soft,  usually  thick-bedded,  bluish-gray  or 
ash-colored  impure  dolomite,  weathering  on  exposure  to  a  yellowish- 
bufl  color.  Its  chemical  composition,  which  possesses  unusual 
interest,  is  indicated  by  the  following  average  of  eight  analyses. 

Carbonate  of  lime 46.11 

Carbonate  of  magnraia 80.69 

Silica 16.fll 

Alumina 4.09 

Oxide  of  iron,  etc &26 

99.95 
FlO.  S9. 


DsTOMUN  FlaBn.   a.  Ptericthra. 


Life.  Ferfo&rafos.  With  this  deposition  there  dawned  a  new  era 
in  the  life-history  of  Wisconsin.  While  multitudes  of  the  lower  orders 
of  Ufe  swarmed  in  the  previous  seas,  no  trace  of  a  vertebrate  has 
yet  been  found.  The  Hamilton  period  witnessed  the  introduction, 
into  the  Wisconsin  series,  of  the  highest  type  of  animal  life,  though 
only  in  the  form  of  its  lowest  class,  fishes.  But  it  would  be  an  error 
to  assume  that  the  first  introduction  of  vertebrates  into  our  series 
marked  their  first  appearance  in  geological  history,  for  the  seas  no 
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farther  away  tban  Ohio  were  swarming  with  monster  fishes,  while 
yet  the  returaing  waters  had  not  reached  our  shores,  and  in  the  still 
more  distant  European  seas  they  flourished,  apparently,  aboat  the 
time  of  the  last  previous  retirement  of  the  waters  —  the  close  of 
the  Upper  Silurian  age.  It  might,  perhaps,  be  an  equal  error  to 
suppose  that  those  earlier  remains  mark  the  first  appearance  of  ver- 
tebrate life  because  no  more  ancient  forms  have  been  found,  so  that 
the  absolute  time  of  introduction  of  the  vertebrate  type,  like  that  of 
the  lower  forms  already  discussed,  is  at  present  undetermined.  It 
can  only  be  aflirmed  that  their  remains  on  this  continent  have  been 
first  found  in  the  earlier  Devonian,  and  on  the  European,  in  the 
closing  Siluriiin  age.  But  still,  while  theoretical  considerations  are 
urged  from  certain  quarters  in  favor  of  a  much  earlier  introduction, 
it  is  diSicult  to  understand  how  fish  could  have  abounded  in  seas  so 
favorable  for  their  fossihzation  as  those  that  girt  our  shores,  without 
their  remains  being  preserved,  unless  they  consisted  only  of  soft 
parts,  and  were  entirely  without  the  bony  scales  and  defensive  armor 
and  the  teeth  with  which  they  were  so  amply  provided  in  the 
Devonian  age. 

Fia.  SO. 


DcTOHUH  msn.   a.  PUraapU.   b.  CepluJaspla  I^ellL 

Insectt.  Though  none  have  yet  been  found  within  the  State,  the 
first  known  Insects  appeared  in  this  epoch.  They  belonged  to 
Ephemeridie,  and  were  closely  allied  to  our  common  May-flies  or 
Cisco-fiies.  They  are  to  be  noted  among  the  sudden  apparitions  of 
new  forms  widely  diverse  from  all  known  preceding  ones. 


S<H 
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Fia.  n.  Zand  Planfy.    This  form&tion  like- 

wise fuTDisbes  the  first  identifiable  re- 
mains of  laad  plants  found  tvithin  the 
State,  although  they  have  been  found 
elsewhere  in  the  interior  as  low  as  the 
Cincinnati  (Hudson  Kiver)  shales.  The 
relics  belong  to  the  interesting  Zifco- 
poda,  the  l^iding  type  of  the  ancient 
acrogenons  trees.  It  is  probable  that 
plants  spread  quite  widely  over  the  land,  although  the  known  forms 
appear  to  be  frequenters  of  marshes  and  lowlands.  Discoveries 
elsewhere  render  it  probable  that  the  landscape  in  the  preceding 
agOB,  stretching  back  to  the  Lower  Silurian,  was  diversiSed,  if  not 
Fio.  t2. 


DictoMAX  Puins,    a.  FsUophrton  piinoeps,  rMored.     b.  Siglllaria  HiXiS.     c 
po1}-morpha,     d.  PrololaxlWa  LoeshL     <■  Tnit  of  AMerophimiaa  laUrolls.    /.  AsIerophlUnn 
lAliColln,   g.  Lepidodendrotk  OuplaDiiiii.   h.  Siune  enluxed-    C  Crclopterli  obMa*. 
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somewhat  generally  clothed,  with  verdure.     Bat  it  was  verdure 
alone.     The  days  of  flowering  plants  had  not  yet  come. 

Jnvertebratea.  Among  the  invertebrates  whose  history  we  have 
followed  from  their  first  appearance,  there  were  interesting  modifi- 
catioQS,  though  the  great  types  still  held  their  places  without  radical 
change.  In  the  bay  of  the  sea  that  indented  the  Wisconsin  border, 
gome  of  the  familiar  invertebrate  branches  were  almost  wanting. 
The  somewhat  turbid  waters  almost  entirely  exclnded  the  CortUs 
and  Crinoids,  which  are  barely  represented.  Gasteropods  were  also 
rare.  Brachiopods  took  the  leading  place,  and  among  them  the 
Spirifera  had  now  come  to  be  the  ruling  form.  Among  the  new 
genera  were  Cfwnetea,  Productiia,  Cijrtina,  Tremato^ra,  and  J[,eio- 
rynchua. 

The  Lamellibranebs  were  represented  by  but  few  species,  among 
which  those  of  the  genus  PaZcEoneilo  were  the  most  abundant.  The 
gigantic  Cephalopods  did  not  frequent  this  shore,  but  the  class  was 
represented  by  the  stunted  forms  of  the  genus  Gmnphooeras.  Little 
Pkacc^  rana  represented  the  Trilobites. 
Fio.  e& 


BuoLTDN  INVERTXHKATX  Foaaiu.  a.  Bplritera  uigiUEta— H&IL  b.  ft 
d.  S.  pennals— Owen.  e.  OrUilalmprena— Hall.  '/.  Orthli  Impreaaa.  g.  SDophodonla  deminft — 
Conrad,  h.  Atrrpti  reticularis  ~  Lion.  (.  UodJomarpba  coacentrlca  —  Connd.  J,  PalnauellD 
naculirormls  — SleTens.  i.  .Qompboc«ras  "brevlpoitlcum— Whlbf,  L  Hud  o(  PhacojM  ruia  — 
Oreen,    m.  Thorax  and  pygldlum  of  Bme. 

Mingled  Fauna.  A  closer  inspection  of  the  specific  forms,  as 
given  in  the  lists  of  Volumes  II  and  IV,  shows  a  decided  preponder- 
ance of  Hamilton  species,  some  of  which  are  highly  characteristic. 
With  these  are  associated  a  number  of  species  representing  a.  lower 
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horizon,  and  a  few  Chemung  forms  belonging  to  a  higher.  This 
little  deposit,  therefore,  seems  to  embrace  within  itself  a  somewhat 
comprehensive  fauna,  including  representatives  of  three  epochs  of 
the  Middle  Devonian.  This  may  have  been  due  to  its  quiet,  shel- 
tered position,  by  virtue  of  which  it  escaped  the  more  sweeping 
changes  that  characterized  the  wider  and  more  open  areas. 

The  Last  Visit  of  the  Ocean.  At  the  close  of  the  Hamilton  period 
the  ocean  receded,  and  if  it  ever  subsequently  encroached  upon  our 
territory,  it  has  left  no  known  record  of  its  intrusion. 

American  Distribution.  As  the  ancient  interior  sea  became  filled,  the  forma- 
tions were  withdrawn  more  toward  the  center,  and  hence  we  find  the  Hamilton 
formation  appearing  more  in  the  heart  of  the  interior.  It  skirts  the  coal  basin 
of  the  Lower  Peninsula  of  Michigan,  forms  narrow  belts  and  limited  areas  in  In- 
diana, Ohio,  Kentucky,  Tennessee  and  Missouri.  A  belt  crosses  western  Canada 
and  the  south  central  part  of  New  York,  and  extends  southward  into  Pennsyl- 
vania and  Virginia.  In  Illinois  it  emerges  from  beneath  the  Coal  Measures  at 
Bock  Island,  and  stretches  thence  northwesterly  through  Iowa,  Minnesota, 
and  the  British  Possessions  to  the  Arctic  regions.  On  the  eastern  Atlantic 
border,  it  occurs  in  Maine  and  New  Brunswick,  and  at  Gasp^ 

Foreign  Equivalents  of  Devonian  Rocks.  It  is  not  to  be  presumed  that  the 
precise  equivalent  of  our  Hamilton  rocks  can  be  determined  abroad.  The  De- 
vonian system,  of  which  with  us  it  is  a  central  part,  finds  its  typical  develop- 
ment in  North  and  South  Devon,  England.  It  also  occupies  ComwaU,  and 
Hereford,  extending  into  adjacent  shires.  It  embraces  the  famous  Old  Bed 
Sandstone  of  Scotland.  It  also  occurs  in  Ireland,  and  the  Isle  of  Man.  On  the 
continent  the  Devonian  formations  occupy  a  large  tract  in  the  center,  stretching 
from  the  Ardennes  through  southern  Belgium,  and  across  the  Rhenish  pro\'inces. 
They  appear  in  the  cliffs  below  *'  fair  Bingen  on  the  Rhine."  Eastward  they  are 
found  in  the  Hartz  mountains,  Thuringia,  Franconia,  Saxony,  Silesia,  Moravia, 
and  East  Galacia,  also  in  the  Stygian  Alps,  and  the  Carpathians.  In  northern 
Russia  they  form  a  very  extensive  tract,  stretching  across  the  European  portion 
of  the  empire. 

General  Survey. 

Past  Oreat  Era  of  Deposition.  Coming  Great  Era  of  Erosion. 
The  history  of  the  formation  of  the  substructure  of  the  State  was,  it 
will  be  observed,  in  an  unusual  degree,  simple  and  progressive.  Start- 
ing with  a  firm  core  of  the  most  ancient  crystalline  rocks,  leaf  upon 
leaf  9f  stony  strata  were  piled  around  it,  adding  belt  after  belt  to 
the  margin  of  the  growing  island,  until  it  extended  itself  far  beyond 
the  limits  of  our  State,  and  coalesced  with  the  forming  continent. 
An  ideal  map  of  the  State  would  show  the  Archaean  nucleus  sur- 
rounded bv  concentric  bands  of  the  later  formations  in  the  order  of 
their  deposition.  But  during  all  the  vast  lapse  of  time  consumed 
in  their  growth,  the  elements  were  gnawing,  carving  and  channeling 
the  surface,  and  the  outcropping  edges  of  the  formations  were  be- 
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ootning  more  and  more  ja^ed,  and  now,  after  the  last  stratum  had 
been  added,  and  the  whole  had  been  lifted  from  the  waters  that 
gave  them  birth,  there  ensued  a  prolonged  era  during  which  the 
history  was  simply  that  of  surface-erosion.  The  face  of  the  State 
became  creased  with  the  wrinkles  of  age.  The  edgea  of  her  rocky 
wrappings  became  ragged  with  the  wear  of  time.  The  remaining 
Devonian  periods,  the  great  Carboniferous  age,  the  Mesozoio  era, 
and  the  earlier  Hesozoic  periods  passed,  leaving  no  other  record  than 
that  of  denudation. 

It  was  only  in  the  glacial  period  that  deposition  was  again  resumed 
and  then  in  a  form  greatly  diverse  from  that  with  which  we  have 
now  grown  familiar.  In  the  interval,  Wisconsin  was  a  witness  of, 
rather  than  a  participant  in,  the  history  of  rock-fonuatioa  and  life- 
preservation.  For  the  sake  of  continuity  and  conformity  to  legal 
requirements,  a  brief  sketch  of  the  salient  characteristics  of  these 
ages  will  be  given,  but  before  entering  upon  this,  it  may  be  profit- 
able to  take  a  sweeping  backward  look  across  the  Fakeozoic  ages, 
and  catch  and  group  in  distant  perspective  their  grander  outlines. 

Sdmmabt  Observations  oh  the  Wisoonsdi  PALflozoio  Skribb. 

Groups  of  Deposits.  Glancing  comprehensively  over  the  manne 
fossiliferous  formations  of  Wisconsin,  we  observe  that  they  gather 
into  five  main  groups,  reposing  in  succession  upon  the  great  crystal- 
line fonnations.    The  Fotsdam  sandstone  and  Lower  Magnesian 


Fia.  U. 


qdhkilized  GBou-iicii,  BBcnoti  of  the  fonMHOM  of  tl«  lDl«Frlor  dMgned 

nlattou  of  ihB  Wlacoiuln  •ertei  to  tie  tuUnr  iyBtom  of  the  Inlcrior  BwId. 

limestone  constitute  the  first  group.  The  St.  Peters  sandstone,  the 
Trenton  and  Galena  limestones  and  the  mixed  shales  and  limestones 
of  the  Hudson  River  series,  constitute  the  second  assemblage.  The 
Clinton  Iron  ore  deposits  and  the  Great  Niagara  limestone,  with  ita 
Mveral  anbdivisiona,  conatitute  the  third  division,  which  is  only  com- 
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pleted  by  gathering  to  it  the  formations  represented  elsewhere. 
The  fourth  is  merely  represented  by  the  little  deposit  referred  to  the 
Lower  Helderberg,  and  the  fifth  by  the  Hamilton  limestone.  These 
are  all  separated  by  intervals. 

Completion  of  the  Series.  If  we  extend  our  view  beyond  the  lim- 
ita  of  our  special  field,  bo  as  to  embrace  the  related  deposits  that  fill 
in  part,  or  in  whole,  the  gaps  between  the  Wisconsin  series,  there 
will  be  added,  (1)  to  the  base  of  the  first  series,  the  Acadian  group  of 
the  Atlantic  border,  and  to  its  summit  a  part  of  the  mixed  rocka 
known  aa  the  Quebec  group;  (2)  to  the  base  of  the  second  group, 
the  Chazy  limestone  (though  this  may  be  represented  by  the 
St.  Peters  sandstone),  and  to  its  summit,  some  shales  later  than  the 
Hudson  Kiver  epoch,  as  represented  with  us ;  (3)  to  the  third  group, 
the  Medina  sandstone  and  a  portion  of  the  Clinton  deposits,  at  its 
base,  and,  at  its  summit,  that  portion  of  the  Saliferous  deposiu 
formed  during  the  retreat  of  the  sea;  (4)  to  the  fourth  group,  at  ' 
its  base,  the  remainder  of  the  Sahne  series  representing  the  ad* 
Tancing  ocean,  and,  at  its  summit,  the  Tentaculite,  Pentamema, 
Ddthyria  and  Encrinal  limestones  and  shales,  and  the  Oriskany 
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sandstone ;  and  (5)  to  the  fifth  group,  at  its  base,  the  Cauda-galli 
and  Schoharie  sandy  deposits,  and  the  silicious  Corniferous  lime- 
stone, and,  at  its  summit,  the  great  shale  and  sand  deposits  of  the 
Upper  Devonian. 

It  will  be  observed  that  in  most  instances  the  additions  are  to  be 
made  both  above  and  below,  and  hence  that  our  formations  are  cen- 
tral to  the  several  groups.  The  significance  of  this  fact  we  shall  see 
presently. 

Order  of  Succession,  Qlance  now  at  the  succession  of  deposits  in 
the  several  groups.  In  the  first,  coarse  detrital  sandstones  form  the 
great  base  of  the  formation.  These  give  place,  first,  to  alternating 
shales  and  limestones,  and  then  to  predominant  limestone,  while,  in 
Wisconsin,  the  series  is  terminated  by  the  peculiarly  modified  supe- 
rior stratum  of  Lower  Magnesian  limestone,  and  perhaps  a  portion 
of  the  St.  Peters  sandstone,  but  in  the  larger  view  seems  to  find 
its  completion  in  the  mixed  sandstones,  shales  and  limestones  of  the 
Quebec  series. 

The  second  group  is  introduced  by  the  St.  Peters  sandstone,  has 
for  its  main  middle  portion  the  Trenton  and  Gulena  limestones,  and 
is  completed  by  the  mixed  shales  and  limestones  of  the  Hudson 
River  group. 

The  third  series  is  introduced  elsewhere  by  the  Oneida  conglomer- 
ate, Medina  sandstone,  and  the  Clinton  shales,  finds  its  great  heart 
in  the  nearly  800  feet  of  bur  Niagara  limestone,  and  is  followed  by 
the  impure  Saline  group. 

The  advent  of  the  fourth  group,  which  is  a  subordinate  one,  is 
represented  by  the  impure  Saliferous  deposits,  which  connect  it  with 
the  preceding,  its  central  portion  is  characterized  by  limestones,  and 
its  closing  epoch  by  the  Oriskany  sandstone. 

The  fifth  series  begins  elsewhere  with  the  Oauda-galli  and  Scho- 
harie grits,  which  give  place  toward  its  middle  to  the  Corniferous 
limestone  of  the  interior,  and  our  own  Hamilton  deposit,  while  the 
series  is  closed  by  the  great  commingled  accumulations  of  the  Upper 
Devonian. 

The  similarity  of  succession  in  each  of  these  groups  is  an  inter- 
esting and  instructive  feature,  and  indicates  a  "  cycle  of  deposition" 
in  each  period.^  Viewed  comprehensively,  and  perhaps  with  a  touch 
of  idealism,  it  may  be  asserted  that  each  was  inaugurated  with  shal- 

1  Dr.  Newberry  has  very  clearly  and  beautifully  sketched  these  **  cyles  of  depo- 
sition '*  in  the  Ohio  report  and  in  the  article  on  Palaeontology  in  Johnson's  Ency- 
clopoedia.     They  have  also  been  set  forth  by  Dr.   Dawson  and  Prof.  Alex. 
WincheU  and  have  been  discerned  more  or  less  distinctly  by  other  geologists. 
Vol.  I— 14 
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low-water  detritus,  which  gave  placo  at  length  to  the  deeper-water, 
organic,  lime  deposits,  and  these  io  turn  to  the  mixed  earthy  and 
organic  shales  that  close  each  period. 

Fia.  66.  The  physical  changes  that  gave  rise  to  this 

orderly  succession  are  not  far  to  seek.     An  ad- 
vancing ocean  formed  the  detrital  base.    As 
the  beach  moved  onward  and  left  the  area  in 
more  qniet  water,  there  gathered  first  the  fine 
earthy  sediments,  and  then  the  limestones  of 
the  clearer  seas.    These  continued  to  grow  as 
long  as  the  sea  maintained  its  advanced  stage, 
and  formed  the  great  central  deposit  of  the 
period.    During  the  shallowing  stages  that  at- 
intended  Co  uiusMM  the  tended  the  withdrawal  of  tbe  sea,  tbe  earthy 
^t^^r^^^  deposits  mingled  with  the  still  persistent  or- 
'  sea.    Dots  repneeot  ganic  accumulations,  and  formed  the  shales. 


DuoR^muTta  8 11 


■hale,  and  ansulaled  lines    ' 

ibneabine.  closiug  deposition  of  each  period.    Each  group, 

therefore,  represents  an  oceanic  advance  and  retreat,  or,  otherwise 
stated,  a  relative  rising  and  sinking  of  the  land  —  an  orographic 
oscillation. 

Definition  of  Period.  This  constitutes  what  we  regard  as  a 
period  in  its  technical  sense,  as  distinguished  from  an  epoch,  which 
marks  only  a  distinct  phase  of  the  activities  of  the  period.  Ideally 
there  might  be  said  to  be  three  main  epochs  in  each  period :  (1)  that 
of  advancing  waters  and  coarse  detrital  deposits ;  (2)  that  of  deep 
waters  and  limestone  deposits ;  and  (3)  that  of  retiring  waters  and 
mixed  shaly  deposits ;  but  practically  such  ideal  symmetry  is  usually 
broken  by  minor  oscillations  and  irregularities  of  movement.  This, 
like  all  ideal  schemes  for  the  subdivision  of  geological  time,  encoun- 
ters  difficulties  in  its  application,  and  cannot  be  rigidly  applied 
without  injury  to  the  truth.  It,  however,  represents  a  valuable  idea, 
and  applied  with  judgment  and  a  flexibility  always  subservient  to 
fact,  is  perhaps  the  best  physical  basis  for  the  minor  subdivisions  of 
geological  history.  On  this,  or  any  other  natural  basis,  periods  and 
epochs  will  differ  both  in  length  of  time  and  importance  of  results, 
and  since  minor  oceanic  advances  and  retreats  are  factors  of  greater 
ones,  appeal  must  be  taken  to  other  circumstances,  especially  the 
phases  of  life,  to  determine  the  limitations  and  rank  of  the  divisions. 
At  the  best,  it  is  often  largely  a  matter  of  judgment. 

Viewing  the  successive  series  in  their  unity,  it  may  be  observed 
that  the  first,  or  Potsdam  series,  embraces  much  the  most  coarse 
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and  silicious  material,  the  natural  result  of  a  sea  advanoing  upon 
the  crystalline  formations  of  the  Archaean  lands ;  that  the  second 
contained  a  larger  proportion  of  limestone,  but  embraced  much 
clayey  and  earthy  material;  that  in  the  third  period,  the  limestone 
accumulations  were  greatly  predominant,  and  reached  their  maxi- 
mum development ;  that  in  the  fourth  period,  fine  earthy  detritus 
mingled  more  freely  in  the  deposits  of  the  now  narrowed  seas, 
marking  the  approach  of  the  final  silting  up  of  the  interior  ocean, 
which  reached  its  essential  completion,  except  in  the  region  of  the 
Plains,  in  the  succeeding  Carboniferous  age. 

Life  Progress.  We  are  now  prepared  to  appreciate  many  of  the 
changing  phases  of  the  life-history  which  were  before  without 
apparent  significance,  and  perhaps  seemingly  inexplicable.  Re- 
membering (1)  that  at  every  stage  there  is  a  shore  belt  swept  by 
the  waves,  and  ever  agitated  by  forcible  action,  furnishing  conditions 
congenial  to  littoral  species,  and  that  (2)  farther  oflf  shore  there  are 
varying  degrees  of  depth  and  quietude  suited  to  other  species,  and 
that  (3)  still  more  distant,  there  are  yet  less  disturbed  bottoms,  the 
fit  habitat  of  abysmal  and  pelagic  species,  it  is  manifest  that  we 
cannot  rationally  seek  for  an  orderly  succession  of  species,  whatever 
may  be  thought  to  be  their  origin,  by  passing  from  a  shore  deposit 
to  the  next  succeeding  off-shore  accumulation,  and  from  that  to  the 
yet  deeper- water  deposits  that  may  overlie  it,  but  rather  by  tracing 
the  shore  deposit  landward  in  its  advance,  and  seaward  in  its  retreat. 
The  true  succession  will  not,  therefore,  be  found  by  rising  vertically 
through  an  extended  and  complex  series,  but  along  a  zigzag  course, 
following  the  to-and-fro  track  of  like  conditions. 

The  difficulties  of  the  study  may  be  illustrated  by  the  fact  that 
the  formations  cannot  be  followed  through  this  meandering  course, 
because  on  the  landward  side  they  have  been  cut  away  by  subse- 
quent denudation,  and,  on  the  seaward  side,  have  been  buried  by 
later  accumulations,  and  it  is  only  at  some  intermediate  point  where 
erosion  has  exposed  the  worn  edges  of  the  strata  that  opportunities 
for  investigation  have  been  presented.  Here,  only  distant  epochs, 
separated  by  a  long  landward  advance,  or  seaward  retreat,  can  be 
brought  into  comparison.  The  successors  of  the  sand-loving  species 
of  the  Potsdam  seas,  for  example,  are  not  to  be  sought  in  the  over- 
lying limestone,  but  in  the  next  succeeding  beach  deposit  that  pre- 
sented similar  conditions.  Only  so  far  as  species  roam  indifferently 
over  the  sea-bottom,  without  regard  to  its  special  conditions  (or  else 
are  modified  to  §uit  them),  can  we  expect  them  to  range  through 
successive  strata,  varying  between  limestone,  sandstone,  and  shale. 
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The  field  within  onr  purview  is  manifestly  too  narrow  to  sanction 
onr  entrance  npon  the  far-reaching  questions  to  which  these  thoughts 
lead.  The  problems  that  encompass  the  succession  of  life  and  the 
effects  of  varying  geological  conditions  upon  it,  demand,  for  their 
adequate  consideration,  the  whole  realm  of  biologic  facts  and  the 
entire  field  of  possible  geological  knowledge.  We  must  content 
ourselves  with  such  an  approach  to  them  as  the  limits  of  our  prov- 
ince permit. 


CHAPTER  XI. 

THE  OAEBONIFEROUS  AGE. 

The  Caxboniferous  age  embraces  (1)  a  period  of  the  usual  char- 
acter, marked  by  detrital  beds  at  the  base,  limestone  in  the  center, 
and  detrital  beds  again  at  the  summit — the  Svb-ca/rbomferoua^  (2)  an 
exceptional  period  of  oscillation  near  the  sea  level  —  the  Ca/rbonif- 
erous^  and  (3)  a  period  of  mountain  elevation  on  the  Atlantic 
border,  and  of  varying  marine  deposition  in  the  western  region — the 
Permian. 

The  Sub-carhoniferouB  period  was  inaugurated  by  mechanical  sedi- 
mentation, the  sandstones  and  shales  of  the  Catskill  and  Waverly 
epochs  (according  to  the  classification  here  adopted),  but  was  mainly 
a  period  of  limestone  formation  in  the  interior  of  the  continent. 
As  its  waters  retired,  shallow  seas  again  produced  mechanical  sedi- 
ments, and  led  on  to  the  Carboniferous  period,  which,  but  for  its  ex- 
ceptional development,  might  be  classed  as  the  closing  epoch  of  a 
single  period,  marked  by  a  great  advance  of  the  sea,  followed  by  a 
prolonged  and  fluctuating  retreat. 

The  Carbcmiferoua  period  was  inaugurated  by  the  deposition  of  a 
great  stratum  of  coarse  sediments,  the  Millstone  grit,  after  which 
followed  a  complex  alternating  series  of  shales,  sandstones,  lime- 
stones, coal  seams,  and  iron  ore  beds,  altogether  forming  a  series  of 
exceptional  industrial  value. 

The  Permiwn  period  embraces  the  time  occupied  in  the  upheaval 
of  the  Appalachian  mountains,  contemporaneous  with  which,  there 
were  mixed  sediments  accumulating  in  the  region  of  the  Western 
Plains  and  beyond.  (For  details  see  Dana's  Manual,  Le  Oonte's 
Elements,  and  Andrew's  Geology  of  the  Interior.) 

None  of  these  formations  occur  in  Wisconsin.  They  approach 
within  less  than  100  miles  on  the  east,  south  and  west,  and  must 
originally  have  come  still  nearer,  as  they  have  been  much  eroded 
since  their  formation.  Wisconsin  was  then  a  peninsula  that  pro- 
jected southward  into  the  region  of  Carboniferous  deposition,  and 
stood  as  dry  land  in  the  midst  of  marshes  and  shallow  seas. 
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SUB-CAEBONIFEBOUS  PeEIOD. 

An  incursion  of  the  ocean  followed  the  retreat  that  closed  the 
Devonian  age,  spreading  out  over  its  floor#the  usual  detrital  sedi- 
ments. As  the  waters  deepened  and  clarified,  they  gave  support  to 
a  luxuriant  growth  of  marine  life,  among  which  Crinoids  were  so 
abundant  that  the  sea  bed  may  almost  be  said  to  have  been  a  great 
submarine  field  of  waving  "  stone  lilies."  From  this  prolific  life- 
growth  came  the  great  "  mountain  limestone,"  the  nucleal  deposit 
of  the  period.  But  in  time  the  waters  shallowed  and  the  period 
passed  almost  without  interruption  into  the  remarkable  phase  of 
geological  growth  presented  by  the  succeeding  period,  for  while  the 
Sub-carboniferous  limestone  marks  the  climax  of  the  marine  work 
of  the  period,  land  plants  enter  the  arena  as  a  new  agency  at  its 
close,  and  change  the  phase  of  the  formation,  diverting  from  the 
ocean,  for  a  time,  the  supreme  attention  it  has  so  long  attracted  to 
itself  as  the  great  architect  of  the  earth's  rock-structure. 

Carboniferous  Period. 

Remarkable  Plomt  Growth,  In  the  Cambrian  and  earlier  Silurian 
life-periods,  we  have  had  occasion  to  speak  doubtfully  of  the  exist- 
ence of  life  upon  the  land.  In  the  Upper  Silurian  age,  some  scant 
evidence  of  terrestrial  life  encourages  the  belief  that  the  lands  were 
not  entirely  destitute  of  verdure ;  but  even  this  evidence  has  been 
questioned.  In  the  Devonian  era,  terrestrial  plant-life  appeared 
apparently  in  considerable  abundance,  but  it  did  not  make  any  con- 
tribution of  great  moment  to  the  accumulation  of  rock  or  land.  But  in 
the  great  Coal  Age  which  now  dawns,  the  land  vegetation  flourished 
in  great  abundance  and  luxuriance,  and  became  a  signal  agent  of 
geologic  growth.  The  attitude  of  large  areas  of  the  continent  was 
such  as  to  favor,  to  an  extraordmary  degree,  the  growth  of  this  class 
of  vegetation,  not  only,  but  also  to  preserve  its  products  for  the  use 
of  subsequent  ages.  Throughout  large  portions  of  Pennsylvania, 
Ohio,  West  Virginia,  Tennessee,  Alabama,  Indiana,  Michigan,  Illi- 
nois, Kentucky,  Iowa,  Nebraska,  Kansas,  Missouri,  Arkansas  and 
Texas,  or,  in  other  words,  throughout  the  eastern  portion  of  the 
great  interior  that  had  not  already  emerged  from  the  ocean,  the  land 
oscillated  near  the  level  of  the  sea,  sometimes  slightly  above,  form- 
ing extensive  marshes  and  lagoons,  and,  sometimes  slightly  below, 
admitting  of  the  incursion  of  the  ocean,  resulting  in  beach  deposits 
of  grits  and  gravels,  in  estuarine,  border-flat,  and  delta  deposits  of 
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mud,  and  in  clear-water  accumulations  of  limestone.^  At  those 
stages  in  which  the  surface  stood  just  above  the  level  of  the  sea,  the 
quaint  swamp  vegetation  of  the  period  prevailed  in  unparalleled  lux- 
uriance. Lepidodendrids,  Sigillarids,  Conifers,  Calaraites,  and  Ferns, 
arboreous  as  well  as  herbaceous,  flourished,  and  shed  their  leaves, 
pollen,  cones,  spores  or  other  fruit,  and  the  exfoliations  of  their  stems, 
into  the  marsh  waters  beneath,  or  into  the  interspersed  lagoons,  while 
at  their  death  they  themselves  found  a  like  watery  burial. 

It  has  been  plausibly  conjectured  that  floating  vegetation  formed 
on  the  interspersed  lagoons  and  lakelets,  and  made  its  contribution 
to  the  accumulating  plant  deposits. 

Preservation  of  the  Vegetal  Material.  The  vegetal  matter  that 
thus  accumulated  was  prevented  from  undergoing  the  usual  decay  by 
the  well-known  pi'eservativc  agency  of  water,  and  thus  there  gath- 
ered, in  the  lapse  of  time,  beds  of  great  thickness.  The  flatness  of 
the  country,  and  its  dense  vegetation,  prevented,  in  a  great  measure, 
the  inwashing  of  earthy  material,  so  that  the  accumulation  was 
almost  purely  vegetable.  At  length,  however,  by  a  slight  change 
in  the  relative  levels  of  land  and  water,  the  ocean  returned,  bring- 
ing its  accustomed  detrital  material,  and  spread  it  over  the  vege- 
table beds.  These  beds,  thus  buried,  formed  the  initial  stage  of  a 
layer  of  coal.  Repeated  oscillations  attended  by  repeated  growths 
and  burials  multiplied  the  coal  seams,  and  at  length  gave  rise  to  the 
completed  coal  measures. 

The  vegetal  material  thus  sandwiched  between  the  earthy  sedi- 
ments was  compressed  by  the  weight  of  overlying  strata,  and  under- 
went a  slow  chemical  change,  resulting  in  the  loss  of  a  portion  of 
the  constituents  of  the  tissues,  and  the  recombination  of  the  re- 
mainder. Most  of  the  oxygen,  a  considerable  part  of  the  hydrogen, 
and  some  carbon,  were  removed,  as  carbonic  acid,  water  and  volatile 
hydro-carbons,  while  a  large  part  of  the  carbon,  and  a  considerable 
portion  of  the  hydrogen,  with  some  oxygen,  remained,  forming 
bituminous  coal. 

In  undergoing  this  transformation,  the  vegetable  material  gradu- 
ally passed  from  its  original  woody,  or  cortical  state,  through  vari- 
ous lignitic  stages  to  that  of  bituminous  or  soft  coal,  and  this,  in 
regions  subsequently  subjected  to  stratigraphical  disturbance,  was 
changed  into  anthracite,  or  hard  coal,  by  the  heat  and  pressure  to 
which  it  was  subjected,  by  which  the  volatile  bituminous  matter  was 
expelled. 

1  The  western  portion  of  the  great  interior  was  meanwhile  overspread  by  a 
somewhat  deeper,  clearer  sea  in  which  continuous  marine  deposits  gathered. 
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Among  the  Beries  of  coal  beds  and  associated  strata  are  inter- 
Btratified  beds  of  iroa  ore  —  an  indirect  result  of  the  marshes  of  the 
period  and  their  vegetation,  only  less  important  than  the  coal  itself. 
Searing  in  mind  the  method  of  iron-ore  deposition,  already  ez- 
plaioed,  it  is  evident  that  the  marshes  and  lagoons,  and  the  abundant 

Fio.  67. 
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vegetation,  furnished  to  an  unusual  degree,  the  conditions  requisite 
for  the  extraction  and  deposition  of  iron  ore.  As  these  are  closely 
associated  with  coal  for  their  reduction,  limestone  for  their  fluxing, 
and  sandstone  and  fire  clays  for  furnace  purposes,  the  combination 
is  one  of  extraordinary  industrial  advantage. 

Life.  The  new  attitude  which  the  land  assumed  toward  the  sea 
at  the  close  of  the  Sub-carboniferous  period,  was  accompanied  by  a 
marked  change  in  the  character  of  the  life. 

Plants,  By  far  the  most  striking  and  characteristic  expression  of. 
life-progress,  was  the  pronounced  development  of  vegetation  during 
the  Carboniferous  age.  The  great  beds  of  coal,  widely  scattered 
over  the  continent,  indicate  a  clothing  of  verdure  of  more  than 
tropical  luxuriance.  We  are  not  left  in  doubt  as  to  the  nature  of 
these  "  forests  primeval."  Well  preserved  remains  show  them  to 
have  been  of  the  same  essential  character  as  those  of  the  preceding 
Devonian  age,  differing  mainly  in  their  wider  range,  ampler  variety, 
and  surpassing  -growth.  Not  only  were  there  flowerless  plants 
(Acrogens),  but  Phenogamous  plants  were  also  represented  by  Gym- 
nosperms.  Flowers  in  the  ordinary  sense  were  probably  entirely 
absent.  Of  the  Acrogens  there  were  Ferm^  Equiseta  and  LycopodSj 
all  of  which  much  surpassed  their  modem  representatives.  There 
were  both  herbaceous  and  true  ferns,  the  latter  of  which  attained 
great  size,  single  fronds  sometimes  attaining  a  length  of  six  or  eight 
feet,  while  the  former  were  probably  the  most  abundant  of  the  coal- 
forming  plants. 

Among  Lycopods,  Lepidodendmds  and  SigiUa/rida  were  the  princi- 
pal forms.  Both  were  of  great  size,  reaching  at  times  a  height  of  60 
or  80  feet,  placing  them  in  marked  contrast  to  the  little  Lycopods — 
the  Ground  Pines — of  the  present  day,  which,  under  the  most  fa- 
vorable conditions,  rarely  reach  a  height  of  4  or  5  feet.  The  exterior 
of  their  trunks  seems  to  have  been  composed  of  dense  firm  tissue, 
while  the  interior  was  probably  more  cellular,  as  it  is  often  wanting 
in  erect  stumps,  while  prostrate  stems  are  much  compressed.  The 
exterior  was  marked  by  the  peculiar  and  characteristic  leafscars, 
which,  in  the  Sigillarids,  were  arranged  in  vertical  rows,  and  in  the 
Lepidodendrids  in  oblique  series  passing  spirally  around  the  trunk. 

The  Carboniferous  Equiseta  were  sometimes  two  feet  in  diameter 
and  30  feet  high,  while  their  modern  representatives — our  common 
scouring  rushes  —  are  but  low,  slender,  herbaceous,  plants,  though 
Mr.  Ernst  reports  a  slender  species  30  feet  high  from  near  Caraccas. 

Besides  these  peculiar  forms  of  vegetation,  which  grew  profusely 
in  and  around  the  marshes^  and  which  were  the  principal  contrib- 
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utors  to  the  coal  formation,  Conifers  wooded  the  uplands.  They 
were  allied  to  the  modern  Araucarian  Pines,  and  were,  as  Professor 
Dana  has  remarked,  the  modem  feature  of  the  Palffiozoio  forests. 
Their  gyranosj^ermous  character  is  indicated  by  their  exogenoos 
structure,  and  the  natare  of  their  fossil  fruit. 
FiO.  68. 
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Besides  these  iiighly  develojiod  plants,  there  were  doubtless  many 
lierbaccous  ones  wliich  have  left  no  distinct  traces  by  which  they 
can  bo  identified.  The  wann,  nioistcUinate  indicated  by  the  nature 
of  the  vegetation  would  be  favorable  to  various  fungi,  but  these, 
from  their  nature,  would  hardly  be  iircserved,  however  copious  their 
growth, 

Fia.  89. 


There  is  no  reason  for  believing  that  marine  vegetation  was  less 
abundant  during  the  Carboniferous  age  than  formerly,  but  the  iin- 
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measurably  greater  relative  proportion  of  marsh  and  land  vegetar 
lion  make  it  much  less  prominent  in  the  life-hbtory  of  the  period. 
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Vertebrates.  Granoid  and  Selachian  fishes  existed  in  great  num- 
bers, but  were  now  overshadowed  by  the  Amphibians  and  true  Rep- 
tiles, which  first  appeared  in  the  formations  of  this  age,  marking  a 
decided  advance  in  animal  life.  The  Amphibians  were  of  the  Laby- 
rinthodont  order,  a  pre-eminently  comprehensive  type.  Being  true 
Amphibians,  they  embraced  a  combination  of  aqueous  and  aerial 
organs,  connecting  the  two  great  animal  types,  the  marine  and  the 
terrestrial.  Unlike  our  present  Amphibians,  they  had  bony  scales 
and  armor-plates,  and  were  equipped  with  large,  conical  teeth  of 
labyrinthine  internal  structure — features  that  allied  them  to  the 
plated  fishes,  and  Saurian  reptiles.  The  first  true  Eeptiles  also  made 
their  appearance  during  this  age. 

In  the  fauna  there  seems  to  have  been  no  wide-spread  extermina- 
tion. Some  new  and  somewhat  different  forms,  to  which  the 
changed  conditions  were  congenial,  were  introduced,  while  many 
old  forms  declined,  and  some  few  became  extinct. 

Im)erteJ) rates.  In  the  lower  branches  of  the  animal  kingdom  there 
were  less  obtrusive  innovations  than  in  the  higher.  The  persistent 
Corals  and  Crinoids  still  maintained  their  existence,  though  some  of 
the  most  important  and  characteristic  genera  of  each  had  disap- 
peared. Mollusks  were  no  longer  confined  to  the  sea,  but  Uved 
upon  the  land  and  in  the  fr^sh  and  brackish  inland  waters.  Brach- 
iopods  were  still  exceedingly  abundant,  while  Lamellibranchs, 
Gastero}K)ds  (to  which  the  fresh-water  Mollusks  belonged),  and 
Cephalopods  continued  throughout  the  Carboniferous  period  to  hold 
an  undiminished  course. 

Trilobites,  which  had  persisted  since  the  Potsdam  period,  now  made 
their  last  appearance.  Insects,  which  began  their  known  existence 
in  the  Devonian  age,  seem  to  have  flourished  throughout  the  Car- 
boniferous. They  were  represented  by  several  orders,  and  in  some 
instances  attained  a  size  quite  superior  to  that  of  the  most  nearly 
related  forms  of  later  times.  Along  with  these  true  insects  there 
were  Scorpions,  Spiders  and  Myriapods,  in  form  closely  allied  to 
those  of  the  present  day. 

The  Appalachian  Revolution. 

The  Permian  Period.  It  has  already  been  observed  that  the 
eastern  Interior  Sea  grew  shallow  after  the  Sub-carboniferous  period, 
and  remained  oscillating  near  the  water  level  during  the  Coal  period 
proper.  During  this  time,  the  earth's  crust  throughout  the  affected 
region  was  slowly  settliig,  but  the  sediments  built  it  up  with  even 
pace,  until,  at  its  close,  the  sea  retired,  though  it  continued,  in  the 
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region  of  the  great  plains  and  in  other  distant  areas,  its  work  of 
deposition  in  the  formation  of  the  Permian  beds. 

"With  this  pause,  in  the  eastern  interior  region,  there  closed  a  long 
era  of  sedimentary  accumulation,  stretching  from  the  Potsdam  period 
onward,  during  which,  along  the  western  Appalachian  margin,  there 
had  accumulated  a  thickness  of  deposits  roundly  estimated  at  40,000 
feet.  That  this  pile  of  sediment,  notwithstanding  its  great  thick- 
ness, was  essentially  a  shallow-water  deposit,  is  shown  by  ripple- 
marks  and  wave-rolled  material,  interlaid  at  various  intervals  from 
its  base  to  its  summit.  There  had  been,  therefore,  a  subsidence  to 
some  such  extent  as  seven  miles  during  the  period  of  their  accumula- 
tion. 

This  era  of  settling  was  followed  by  one  of  the  great  epochs  of 
upheaval.  According  to  the  theory  already  explained,  the  pressure 
of  the  contracting  crust  was  felt  at  a  disadvantage  along  this  belt  of 
sagging  strata,  and  they  were  bent,  folded  and  crumpled,  into  the 
long  system  of  rock-waves  that  form  the  Appalachian  mountain 
system.  In  some  cases  the  strata  were  fractured  and  faulted  to  the 
extent  of  10,000  feet. 

The  character  of  the  folds,  which  are  strongest  and  closest  on  the 
Atlantic  side,  as  well  as  the  inclination  of  their  slopes,  which  are 
steepest  on  the  inland  side,  are  thought  to  show  that  the  active  force 
came  from  the  ocean,  and  was  resisted  by  the  great  land  area  of  the 
interior.  The  results  of  flexing  and  folding  were  such  changes  in 
the  character  of  the  rock  as  those  with  which  we  have  become 
familiar  in  the  earlier  and  more  profound  Archaean  revolutions,  save 
that  in  the  later  era  the  metamorphism  was  very  much  less  marked. 
The  interior  of  the  continent  was  elevated  bodily  in  some  moderate 
measure  by  this  disturbance,  but  otherwise  was  not  materially 
affected. 

This  epoch  of  profound  mechanical  movement  did  not  interrupt 
the  ceaseless  action  of  the  ocean,  which  continued  its  work  of  sedi- 
mentation throughout  the  somewhat  long  period  occupied  by  the 
revolution.  But  in  this  instance,  fortunately,  we  are  able  to  reach 
and  read  the  oceanic  record,  as  well  as  the  more  impressive  mechan- 
ical one.  The  Permian  strata  in  the  regions  both  of  the  American 
and  Hussian  plains,  are  conformable  to  the  Goal  measures,  and  con- 
tain the  remains  of  closely  allied  animals,  indicating  continuity  of 
succession.  But  in  western  Europe,  the  Permian  strata  are  uncon- 
formable to  the  Coal  measures  below,  while  they  underlie,  in  harmo- 
nious stratification,  the  succeeding  Mesozoic  deposits,  indicating 
continuity  with  the  following  period.    In  eastern  America  the  Per- 
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mian  strata  are  absent,  indicating  that  the  land  began  to  be  elevated 
before  they  were  formed.  "Sovr  when  we  consider  that  the  actiye 
force  of  Appalachian  npheaval  came  from  the  direction  of  the 
Atlantic,  and  most  have  reacted  with  eqoal  force  in  the  opposite 
direction,  there  is  little  reason  to  doubt  that  the  European  and 
American  disturbances  were  contemporaneous,  and  hence  follows 
the  conviction  that  the  uplifting  began  at  the  close  of  the  formation 
of  the  Coal  measures,  or  in  other  words,  near  the  beginning  of  the 
Permian  period,  and  ceased  before  its  close,  so  that  its  upper  strata 
rest  unconformably  upon  the  Goal  measures  in  their  changed  attitude, 
and  so  that  also  the  sediments  of  the  succeeding  era  of  Mesozoic 
quiet  were'  deposited  concordantly  upon  them.  In  brief,  there- 
fore, the  Permian  formation  bridges  the  era  of  Appalachian  revolu- 
tion, and  there  is  here  consequently  no  real  break  in  the  succession.^ 

iSee  Le  Conte,  Elements  of  Geology,  p.  400. 
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CHAPTER  XIL 

THE  AGE  OF  REPTILES. 

In  Europe  the  formations  of  this  age  are  divided  into  three  groups,  viz.: 
(1)  the  Triassic,  because  composed  of  three  distinct  subdivisions  in  Germany, 
where  first  carefully  investigated,  (2)  the  Jurassic,  so  well  displayed  in  the  Jura 
mountains,  and  (8)  the  Cretaceous,  because  it  embraces  the  great  chalk  deposits  of 
England  and  France.  In  America  the  two  first  divisions  are  not  so  distinct  from 
each  other  as  to  make  the  application  of  the  European  classification  very  natural, 
and  hence  has  arisen  the  practice  of  combining  the  terms,  and  dividing  the 
American  Mesozoic  into  (1)  the  Jura-Trias,  and  (2)  the  Cretaceous. 

The  first  series  is  developed  on  the  Atlantic  and  Gulf  borders,  and  in  the 
western  plains  and  mountains,  but  is  nowhere  known  to  closely  approach  Wis- 
consin. The  second  series  occurs  in  the  same  general  regions,  but  in  the  upper 
Missouri  and  Mississippi  valleys  it  extends  farther  east,  covering  portions  of 
Iowa  and  Minnesota,  and  may  possibly  have  once  lapped  upon  our  State,  though 
no  evidence  of  it  has  been  found,  except  some  drift  on  the  northwestern  edge 
that  is  probably  Cretaceous,  but  which  may  have  been  brought  from  Minnesota. 

Effects  Following  the  Appalachian  Revolution.  The  Appalachian 
revolution  produced  marked  changes  in  the  geography  of  the  conti- 
nent, the  land  being  amplified,  the  ocean  contracted,  mountain 
ranges  raised  from  the  sea  and  thrown  athwart  atmospheric  currents, 
at  the  same  time  diverting  those  of  the  ocean,  and  inaugurating 
new  climatic  conditions.  The  theater  of  active  marine  deposition 
was  consequently  transferred  to  new  quarters. 

Changes  of  Species.  This  physical  transformation  was  likewise 
closely  followed  by  an  extraordinary  change  of  living  species,  a 
change  which,  for  suddenness  and  seeming  universality,  has  no 
parallel  in  the  fossiliferous  series.  This  was  formerly  referred  to 
the  catastrophe  of  the  revolution  itself,  which  has  been  falsely  pict- 
ured as  convulsive  in  violence.  It  is  demonstrable,  however,  that  it 
was  a  slow  and  measured  flexure  of  strata,  under  the  pressure  of  a 
steady  and  powerful,  but  not  violent,  force,  and  was  utterly  incompe- 
tent, in  itself,  to  destroy,  or  even  greatly  alter,  the  life  in  the  adja- 
cent seas.  Furthermore,  the  extinction  of  species  was  not  strictly 
contemporaneous  with  the  mountain-making,  but  followed  it,  as  in- 
dicated by  the  fact  that  the  transition  took  place  in  the  midst  of 
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the  conformable  series  of  western  Earope,  and  not  at  the  break 
between  that  series  and  the  nplifted  rock  of  the  Coal  measDres, 
showing,  there,  at  least,  demonatrably,  that  the  life-catastrophe,  if 
it  may  be  so  called,  sacceeded  at  a  considerable  interval  the  strati- 
graphical  one. 

The  monntain  elevation  may  have  been  none  the  less,  however, 
an  influential  circnmstance  in  the  life-transformation,  throagh  the  in- 
direct agencies  which  it  brought  into  play.  The  Ufting  of  lofty 
mountain  ranges  in  the  midst  of  what  were  before  semi-tropical 
seas,  or  warm  and  humid  plains,  must  have  been  attended  by  climatic 
changes  profoundly  affecting  both  land  and  sea.  To  these  altered 
conditions,  life,  which  has  ever  shown  a  capacity  to  adapt  itself  to 


Ukbocoic  REPDLig.  a.  lehlhTOMnrnt  omnmmili  <z  l-IW).  h.  Hwd  of  mna.  c  Tooth  of  ■amc, 
DSCursI  Blu.  d.  &ad  «,  view  and  MCtlon  of  Tertebra  of  wms  (i  1-3^.  /.  Plealoaaurua  dolkliodel- 
nil  II  1-601,  g.  and  A.  Vlewmd  lecUon  of  vertebra  of  aam«,  i.  Head  ot  FUOMunu,  j.  Tmrth 
of  aame,  Dalural  elje.    k.  Mralrtoaaunu  TiedmannJ.    (fig:  front  Dana  and  La  COHt€.) 


THE  AGE  OF 

new  circumstances,  whatever  may  be  the  means  by  which  sach 
adaptation  has  been  accomplished,  conformed.  But  it  is  to  be  ob- 
served, per  (xmtra,  that  the  f  anna  which  replaced  the  previoos  one  waa 
like  it  in  being  semi-tropical,  and  in  demanding  essentially  the  same 
climatic  conditions. 

Fici.  71. 


PraBODACTTLC  (Horgti). 

JiepHl^,    The  leading  characteristic  of  this  new  life-era  was  the 
enormous  development  of  the  Reptilian  type.    Not  only  were  they 
monstrous  in  size,  but  they  seem  to  us  scarcely  less  than  monstrosi- 
ties in  strnotore.    Anatomical  features,  now  found  only  in  diverse 
Flo.  72. 


FTEBOiuonLB  EnrouD  (Uanli). 

orders,  were  then  combined  in  single  individuals.  There  were  great 
swimming  Saurians,  which,  like  the  Ichthyosaurus,  not  only  com- 
bined characteristics  of  a  fish  and  a  lizard,  as  its  name  implies,  but 
also  of  the  whale  and  the  crocodile,  with  many  that  were  peculiarly 
and  indisputably  its  own,  or  like  the  Plesiosanrus,  that,  with  fish-like 
vertebne  and  general  Saurian  character,  had  a  turtle-like  body,  snake- 
Vou  1—15 


226  GENERAL  GEOLOGT. 

like  neck,  and  Cetacean,  paddles.  There  were  enormous  land-reptiles 
of  like  comprebensiTe  structure,  unitiDg,  as  the  Dinosaurus,  hollow 
bonea  and  other  bird-like  features,  with  mammalian  characteristics, 
while  in  general  structure  they  were  pronouncedly  Saurian  reptiles. 
There  were  also  flying  reptilian  forms  of  even  stranger  composite 
constitution,  embracing,  as  in  the  Fterodactyles,  reptilian  head,  jaws 
and  teeth ;  hollow  bones  and  keeled  sternum,  hke  birds ;  with  extended 
membraneous  wings,  like  bats. 

Pio  73^  With    these    seemingly  aberrant 

forms,  there  were  associated,  during 
the  earlier  portion  of  th^  era  (the 
Triassic),  Amphibians  of  the  Laby- 
rinthodont  type,  that  had  aj^Miared 
in  the  Carboniferous  age,  and  Croco- 
dilians,  precursors  of  the  present 
'  dominant  reptilian  form. 

It  appears,  therefore,  that  the  sea, 
earth  and  air  were  peopled  and  ruled 
by  Keptiles.  The  Beptileawere  pre- 
eminently the  Hesozoio  "lords  of 
creation."  Not  only  were  the  types 
more  diverse,  and  to  our  conceptions, 
more  strange  than  those  of  any  snc- 

TRiciB  ona  slab  of  sifldstone  from  the  j- L.tii.      _    i.„     t     ^ 

Connecticut  .aiiej-,  lormeriy  ree«rt«i  «a  ceedmg  era,  but  the  number  of  spe- 

onittliic.but,nowgeDeraUyconBidered  rep-    cieS    VHStly    Outnumbered     thoSO    of 

iui.  (Fiffjvimi     no,)  later  ages.    Their  enormous  size  may 

be  realized  by  comparison  with  living  forms.  Amphibians,  that  are 
now  chiefly  represented  bj'  frogs,  and  similar  diminutive  animals, 
were  then  represented  by  the  Labyrinthodonts,  of  a  size  comparable 
to  that  of  an  ox.  The  SearSaurians  reached,  in  some  instances,  a 
length  of  70  or  80  feet,  while  some  of  30  or  40  feet  length  had 
Btont,  powerful  bodies.  The  Dinosaurs  were  even  more  ponderous. 
Some  had  the  elephantine  proportions  indicated  by  a  length  of  oei^ 
tainly  30  or  40  feet.  An  Atlantosaurus  that  lived  in  the  western 
region  is  thought  to  have  had  a  total  length  of  100  feet.  Crocodil- 
ians,  two  or  three  times  the  length  of  modem  representatives,  and 
hnge  turtles,  15  feet  across,  were  among  the  lessor  attractions  of  the 
reptilian  menagerie. 

Rapidity  of  Rep^ian  Development.  The  re])ttlian  type,  there- 
fore, which  is  first  found  in  the  Carboniferous  period,  attained,  by  a 
rapid  development,  its  maximum  in  numbers,  size,  variety  and 
strangeness  of  forms,  before  the  close  of  the  Mesozoio  age.    Its 
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further  history  is  characterized  by  decline,  though,  in  individual 
ordera,  there  is  advance  in  organizatioa  and  in  distiactnessot  reptil- 
ian characteristics. 

FlO.  75. 


o  OF  BoLEMHoraM.   ArduBoptarTX  nuumiTft.    (ffji,  from  Sana.) 

The  great  reptilian  type  is  presented  to  us  by  the  geological  rec- 
ord as  an  instance  of  rapid  development.  Having  its  apparent 
beginnings  in  the  Carboniferous  age,  and  being  then  rare,  if  we  may 
judge  frDin  tbo  paucity  of  remains,  for  the  preservation  of  which 
the  conditions  were  favorable,  it  had  reached,  by  the  middle  Meso- 
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zoic,  an  expansion  truly  astonishing.  Its  great  orders,  with  one  or 
two  exceptions,  were  already  organized  and  diversified  by  a  wide 
array  of  genera  and  species. 

It  is  Important  to  remark  that  this  great  development  took  place 

in  a  new  field,  a  fresh  habitat.    The  extraordinary  vegetation  of 

the  Carboniferons  period  extracted  a  vast  quantity  of  oarbonio  acid 

Fio.  76. 


a.  notonUoD  o(  IchUiyomls  Victor  (x  %  Uarah). 
toratiou  ol  Hesperonils  regoUa  (x  1-12  liaOh).   d.  Leic  Iohiu-  law.  top  vleir  (i  l£.    (fVg*.  from 

from  the  atmosphere,  which  was  probably  only  in  part  replaced  by 
animal  life  and  other  sources  of  the  liberation  of  the  gas,  so  that 
the  air  was  purified  of  this  ingredient,  and  rendered  more  fit  for  air- 
breathing  animals.  There  was  thus  opened  a  new  realm  for  animal 
occupancy.  Into  this  the  reptiles  entevc  i,  and  speedily  attained  a 
rciuarkable  development.  It  was  seemingly  the  room  an.l  richness 
of  this  new  field  that  called  forth  the  size,  numbers,  and  diversity  of 
its  occupants.  This,  if  we  read  geological  history  aright,  is  not  an 
isolated,  bnt,  on  the  contrary,  a  common  and  characteristic  fact. 
It  was  the  plenitude  of  resources  and  the  richness  of  opportunities, 
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that  called  forth  the  great  evolutions  of  life,  and  not  paucity  of 
sources  or  severe  conditions  of  existence.  These  had  their  own 
peculiar  and  profound  influence,  but  it  appears  to  have  been  largely 
suppressive  and  fixative  in  character. 

The  greatness  of  the  reptilian  development  and  the  force  of  the 
preceding  remarks  will  be  emphasized  as  we  proceed  to  consider  the 
reptilian  characters  presented  by  the  higher  vertebrates,  the  Birds 
and  Marsupials,  that  had  their  apparent  advent  during  the  age. 

lieptilian  Birds.  The  celebrated  fossil  bird  of  Solenhofen  is  the 
earliest  of  known  ornithic  forms.  Though  a  true  bird,  possessed  of 
a  full  clothing  of  feathers,  it  was  anned  with  teeth,  as  Prof.  Marsh 
has  recently  determined,  and  had  a  long  vertebrated  tail  to  which  the 
caudal  feathers  were  attached  in  rows  on  either  side,  two  to  a  joint. 
The  same  investigator  has  made  the  remarkable  discovery  of  a  new 
type  of  toothed  birds  —  the  Odontomithes.  They  belonged  to  two 
distinct  orders.  The  one  corresponded  to  the  Struthious  birds  of 
the  present  day,  represented  by  the  ostrich,  and  had  abortive  wings 
and  was  incapable  of  flight,  but  was  covered  with  feathers  and  had  an 
elongated  bill  set  with  many  sharp,  conical  teeth,  fixed  in  grooves^ 
a  form  of  dentation  characteristic  of  the  lower  types  of  reptiles. 
The  other  order,  corresponding  to  our  ordinary  birds,  had  a  keeled 
breast-bone,  and  evident  powers  of  flight,  yet  lacked  the  horny  beak 
of  -common  birds,  and  was  provided  instead  with  a  long  bill,  armed 
with  conical  teeth,  inserted  in  distinct  sockets  after  the  method  of 
the  higher  reptiles.  We  have,  therefore,  at  this  early  date,  the  note- 
worthy fact  that  there  was  a  remarkable  diversity  between  these 
Mesozoic  birds,  notwithstanding  their  reptilian  affinities  and  converg 
once  toward  that  type. 

Mammals,  The  first  known  Mammals  appeared  in  the  Triassio 
period,  and  were  of  the  Marsupial  type  —  the  lowest  of  the  class  — 
and  were  besides  possessed  of  some  special  reptilian  features. 

Fishes.  It  has  been  previously  observed  that  the  fish  type,  which 
preceded  the  reptiles  in  the  vertebrate  succession,  had  reptilian  feat- 
ures. This  character  lingered  through  the  Mesozoic  age,  though  dying 
away  as  the  predominant  modem  type,  the  Teliosts,  appeared,  as 
they  did  in  the  Jurassic  period. 

Invertebrates.  Among  the  lower  orders  of  animals,  while  seem- 
ingh^  universal  change  of  species  marks  the  advent  of  the  age,  and 
many  minor  facts  of  interest  present  themselves,  yet  in  the  general 
sketch  of  life  which  alone  is  here  admissible,  we  may  content  our- 
selves with  noting  the  most  instructive  feature — the  culmination  of 
the  Cephalopods.    They  had  appeared  among  the  earliest  forms  of 
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well-preserved  life,  as  a  well  differentiated  type.  The  ruling  family 
was  thea  the  OrtAatxraUte,  which,  in  its  simplest  form,  may  be  de- 
fined as  a  straight-sided  cone,  with  smooth  surface,  plane  septa,  and 
simple,  central  siphuncia    It  early  manifested  a  tendency  to  depart 


TBUsnc  FosBiu.     a.  EnerlDns  UUtormli.     b.  Femphrx  SoenriL    c    Ammonites  tonuttn 

<t.  Osratlleg  nodosus.  «.  Toolli  ot  Hjbodus  aplcalia.  /  Tntcka  ol  Cheirolherium  (x  1 1S> 
0.  TnckH  ar  Chelnttheiium^sLabfrintliadont.  A.  Tooth  of  Che  KlcrolesUa  uiUquus.  i  Ucj 
nodoB  luKrtloeps.  J.  Tooth  a(  Munodotuaurui  eictkuteiu  (z  1 1£J  fc.  Skull  oF«un&  l,Figt  from 
Dana,  and  Lt  Qnte.^ 

from  this  simple  form  —  indeed  had  departed  when  first  observed  — 
(1)  by  the  curving  or  coiling  of  the  shell,  (2)  by  plication  of  the 
septa,  and  more  especially  of  the  sutures,  (3)  by  the  eccentric  posi- 
tion of  the  siphuncle,  and  (4)  in  its  modification  in  form,  and,  at 
length,  (5)  by  surface  ornamentation.  In  the  intermediate  ages  the 
Ooniatitee  and  CeratiUs  mark  stages  of  this  development,  and  in  the 
Mesozoic  era  the  culmination  is  reached  in  the  beautiful  Ammonitea 
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and  their  allies.  The  coiling  had  progressed  not  only  to  the  extent 
of  the  complete  rolling  up  of  the  shell  in  itself,  bat  the  successive 
coils  were  compresBed,  as  it  were,  upon  the  underlying  ones,  giviQg 
an  equitant  relation  to  them.  The  septa  are  bent  into  pockeUlike 
depressions,  and  unite  with  the  shell  wall  by  an  exceedingly  intricate 
suture.    The  siphuncle,  instead  of  being  central,  is  as  far  as  possible 


JuBusia  Fossils     a  AmmooItM  margaritanui.    b.  and  e.  A.  Jason,    c 
Ostrea  HaraM.     /.  Baccocoma  pectinala.    g.  Cldorla  BlomenbaabU.    A.  Si><iie<rf  C.  Blumen- 
DBchil.    t.  DIademopIs  aeriale.    IFigt.  /rom  Dana  and  La  Oonle.) 

eccentric.    The  surface,  bo  far  from  being  plane,  is  variously  corru- 
gated and  beautilied  by  ornamentation. 

During  the  later  stages  of  the  era,  interesting  divergences  from 
these  climacteric  forms  took  place,  seemingly  as  though  the  acme 
of  progress  along  the  lines  previously  pursued  had  been  reached, 
and  divergences  took  the  place  of  retrogade  development.  Some  of 
the  forms  wore  partially  uncoiled,  others,  as  the  BacidHes,  wholly 
so,  while  they  retained  the  complication  of  septa  and  other  features 
of  t!ie  higher  type.  In  some  instances, the  uncoiling  was  unsyminet- 
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rical,  assuming  a  hooked  form.  In  still  others,  the  coiling,  which  had 
previously  been  confined  to  a  plane,  was  elevated  into  a  spire  after 
the  fashion  of  Gasteropods. 

These  remarks  are  applicable,  however,  only  to  the  earlier  portion 
of  the  era  —  the  Triassic  and  Jurassic  periods.  With  the  opening 
of  the  last  stage  —  the  Cretaceous  —  a  marked  transition  of  verdure- 
forms  was   inaugurated.     While    in  the  Carboniferous  age,  the 


■  yu/f 


Acrogens  predominated,  and  in  the  JurorTrias,  the  Gymnosperms, 
during  the  Cretaceous,  there  were  introduced  the  first  known  forms 
of  the  geologically  modern  Angiosperms,  and  our  familiar  friends, 
the  Oak,  Poplar,  Maple,  Beach,  Hickory,  Willow,  Sycan^oro,  Sassa- 
fras and  Tnlip-trees,  as  well  as  the  Sequoias  and  Falms,  began  to 
adorn  the  earth,  and  foreshadow  the  modern  era. 

The  vegetation  of  this  age,  like  that  of  the  preceding  and  other 
ages,  where  favorable  circumstances  existed,  gave  rise  to  accumola- 
tions  of  coal,  which,  however,  has  not  usually  passed  beyond  the 
lignitic  stage. 

There  was  also  added  to  the  Cephalopod  type  the  Bdemnites, 
which  had  an  internal  pen-like  or  club-shaped  bone,  and  an  external 
form  similar  to  the  squids  and  cuttle-fishes  of  the  present,  which, 
indeed,  were  represented  at  the  time. 

Plants.    The  aspect  of  plant  life  was  less  markedly  changed  than 
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that  of  the  animal  kingdom.  The  SigiUarid^  and  Lepidodendrida, 
which  had  passed  their  culminatioa  in  the  Carboniferous  age,  had 
now  ceased  to  characterize  the  forests  of  the  age,  and  were  snp- 
planted  by  Conifers,  Tre&fema  and  Oycada.  The  last  was  a  coinpre- 
hensive,  or,  if  you  please,  undifferentiated  type,  which,  while  a  true 
Gymnosperm,  related  to  the  pine,  had  the  aspect  of  the  palm,  and 
the  habit  of  unrolling  its  leaves  like  the  fern. 


Acanlhotemls  iintlciuua  (i  }^.  b.  Complete  oaaelcc  ol  a  BelemnlCe, 
ilde  view,  reJuced  c  Bursal  view  of  same.  ti.  Belomnito  clavatus.  e.  and  /.  B.  pazilloBui. 
B.  Ink  bag  ot  BelBnimto     {.F^gt  from  Dana.) 

Chalk  Funnatwn  These  marked  changes  in  the  life-history 
were  not  attended  with  any  notable  variation  in  the  standard 
method  of  submarine  rock-accumulation,  save  in  one  instance,  which 
deserves  passing  notice.  More  or  less  satisfactory  evidence  of  the 
existence  of  Rhizopods  in  the  earlier  ages  has  been  found,  and  they 
have  sometimes  been  thought  to  have  made  larger  contributions  to 
rock-growth  than  could  be  asserted  on  the  basis  of  proof.  But  in 
the  Cretaceous  period,  Bhizopods  developed,  especially  in  western 
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Earope,  a  supreme  importance,  and  gave  rise,  through  the  accomu- 
lation  of  their  innumerable  little  shells,  to  the  great  chalk  deposit, 
which  characterizes  the  age. 

FiQ.  81. 


CKETiCEom  CcpsiuiPODB.  a.  BocuUtea  uiceps  z  M  (Woodward),  b.  Ancirloceru  Btathei^ 
oDlAnum.  c  ScaphJtw  aiqualii  (Piotet).  d.  TumiUles  calenalus  (D'Orblgny).  e.  Criocerai,  re- 
stored (Pictet).    /.  AmmonlKa  chlcoenslB  (Oabb).    fFlgi.froiaLe  Coate  and  Dana.) 

The  Rhizopods  are  deep-sea  species,  and  form  deposits  in  the 
abysmal  waters  of  the  ocean,  far  out  beyond  the  reach  of  shore- 
wash  aud  silt-accumulatioQ.  How  far  back  into  more  ancient  ages 
this  method  of  deposition  in  the  depths  of  the  ocean  may  have  ex- 
tended is  unknown.  Such  accumulations  are  now  in  progress,  and 
it  has  been  plausibly  maintained  that  the  chalk  accumulation  of 
to-day  is  directly  continuous  with  that  of  Cretaceous  times.' 

If  there  were  sufficient  basis  in  observation  for  the  belief  that  in 
earlier  ages  these  minute  forms  contributed  largely  to  the  formation 
of  limestone,  it  would  relieve  us  of  a  perplexing  difficulty  that  fre- 
quently arises  in  the  attempt  to  give  a  precise  and  detailed  explana* 
tlon  of  the  manner  in  which  vast  sheets  of  limestone,  nearly 
destitute  of  fossils,  were  formed.    For,  while  in  general  terms  it  is 

'lie  Coiit«,  Elements  of  Qeologj,  p.  478  et  seq. 
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easy  enough  to  attribute  them  to  the  coimninuted  relics  of  MoUrnks, 
Corals,  and  similar  organisms,  it  is  less  easy  to  realize  how  such 
almost  univereal  comminution  ooold  be  accomplished  under  condi- 


Jinuaaio  Cnuus. 


tions  so  quiet  as  to  pcnnit  of  the  accumulation  of  the  resulting  fine 
material.  If  it  could  bo  rationally  attributed  to  fragile,  microscopic 
organisms,  whose  structure  had  been  destroyed  by  the  molecular 


Fig.  83. 


Chalk  FoRMiKn  RHnopoiw.     a.  Chalk  U  Ken  under  Qie  microscope  CNIcholBon).     b.  and  o. 
Clirysnliillna  craitata  (D'OrbEgny).     d.  Mid  ti  CuDCoIiDa  pavoula.    /.  and  g.  FlalKlllna  rueosL 
""  ■ "     .    U%gt.from  Dana  and  l/e  Cimtt.) 
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and  crystalline  changes  which  all  old  limestones  have  manifestly  un- 
dergone, it  would  contribute  to  our  intellectual  ease  and  comfort,  at 

least. 

Geography  of  thr  AoBi 

The  theaters  of  rock-accumulation  were  more  detached  and  scat- 
tered than  in  previous  ages,  owing  to  the  growing  extent  and  com- 
plexity of  continental  outlines.  There  were,  (1)  a  narrow  belt  or 
series  of  detached  basins  along  the  Atlantic  border,^  (2)  a  broad  bay 
occupying  the  lower  Mississippi  valley  and  stretching  up  to  the 
vicinity  of  Cairo,  (3)  a  very  considerable  arm  of  the  sea  reaching 
northward  from  the  gulf  through  the  region  of  the  Plains  to  the 
Arctic  sea,  and  (4)  the  several  interlocked  seas  or  bays  between  the 
PalaBozoic  lands  of  the  western  mountain  region,  whose  boundaries 
have  not  yet  been  fully  deciphered,  and  which,  in  any  event,  would 
be  too  complicated  for  summary  description.  (See  accompanying 
geological  map  of  the  United  States.) 

The  area  of  deposition  approached  us  most  nearly  on  the  west. 
During  the  Cretaceous  period,  the  waters  advanced  nearly  across 
Minnesota,  filling  up  the  inequalities  of  the  old  eroded  surface,  and 
leaving  a  sheet  of  carbonaceous  and  calcareous  sediment.  Though 
a  soft,  erodable  formation,  a  portion  of  it  has  survived'  to  the  pres- 
ent time.  It  is  not  impossible  that  it  may  have  reached  the  Wis- 
consin borders,  but  no  traces  of  it  in  situ  have  yet  been  discovered. 
Fragments  of  lignitic  coal,  that  are  posisibly  Cretaceous,  have  occa- 
sionally been  found  near  the  border,  in  the  St.  Croix  region.  But 
as  the  drift  is  here  from  the  northwest,  these  mav  have  been  trans- 
ported  from  Minnesota  or  elsewhere.  The  lignite  may,  however,  be 
a  local  land  deposit  of  uncertain  age.  Whatever  may  have  been 
the  extent  of  Cretaceous  waters,  it  is  worthy  of  note  that  there  was 
a  westerly  depression  which  brought  the  western  border  of  our  State 
down  again,  nearly  or  quite,  to  the  level  of  the  sea. 

MOUITTAIN  MaEINQ. 

The  progress  of  the  Mesozoic  age  was  interrupted  in  America  by 
the  intervention  of  an  epoch  of  mountain  lifting,  at  the  close  of  the 
Jura-Trias,  separating  it  from  the  Cretaceous,  and  forming  a  natural 
two-fold  division,  in  distinction  from  the  three-fold  European  classi- 
fication commonly  adopted  in  our  geological  treatises.  The  great 
event  of  this  epoch  of  disturbance  was  the  elevation  of  the  Sierra 

1  ReaUy  the  irregular  edge  of  a  more  extensive  deposit  buried  bj  later  deposits 
of  the  Atlantic 


238  GENERAL  GEOLOGY. 

Nevada  range,  with  which  the  Wahsatch  and  some  other  members 
of  the  Cordilleran  system  appear  to  have  sympathized  to  some 
extent. 

Igneovs  Ejections.  Another  incident  of  the  era  was  the  extrusion 
of  igneous  matter  along  the  Atlantic  border  region,  from  Nova 
Scotia  to  North  Carolina.  These  ejections  are  closely  confined  to 
the  areas  of  Jura-Trias  sandstone.  The  igneous  rock  is  associated 
with  the  sandstone  in  a  manner  seemingly  similar  to  that  of  the 
Keweenawan  system  of  Lake  Superior.  They  have  been  adjudged, 
however,  to  be  intrusions  and  not  the  result  of  overflows. 


CENOZOIC  ERA. 


CHAPTER  XIIL 

TERTIAEY  AGE. 

Elevation  at  the  Close  of  the  Mesosoio  Age.  At  the  close  of  the 
Mesozoic  age  there  was  a  general  elevation  of  the  continent,  affect- 
ing more  especially  its  western  portion,  and  connecting  it  with  the 
main  eastern  area  from  which  it  had  been  previously  separated  by  a 
long  arm  of  the  ocean  —  a  mediterranean  sea  —  stretching  from  the 
region  of  the  present  Gulf  to  the  Arctic  ocean.  In  connection  with 
this  general  elevation  there  was  an  increase  in  the  flexure  of  some 
of  the  pre-existing  folds. 

Lacustrine  Deposition,  The  effect  of  general  elevation  above 
noted  was  to  retire  the  sea  to  the  very  borders  of  the  present  con- 
tinent, and  its  further  constructive  agency  was  confined  to  the 
laying  on  of  a  mere  fringe  to  the  continent,  save  that  in  the  Gulf 
region,  the  Mississippi  bay  was  filled,  and  the  Florida  reef  projected. 
But  as  if  to  compensate  for  the  retreat  of  the  ocean  and  the*  rela- 
tively feeble  part  it  played  in  continental  construction,  aqueous 
deposition  assumed  a  new  and  important  phase.  Great  lakes  formed 
in  the  western  interior  of  the  continent,  and  carried  on  the  work  of 
sedimentation  in  a  manner  quite  comparable  to  that  of  the  ocean 
itself.  So  far  as  the  American  continent  is  concerned,  the  period 
might  be  designated  the  Cheat  Lake  Age,  Successive  groups  of  lakes 
mark  the  periods  of  the  age,  and  their  deposits  cover  large  areas  of 
the  Great  Plains  and  CordiPeran  region,  embracing  within  them- 
selves the  largest  portion  of  the  Tertiary  deposits  of  the  time. 

These  lakes  were  the  natural  result  of  the  general  elevation  of  the 
western  region,  and  of  the  complicated  system  of  mountain  folds 
and  faults  which  so  pre-eminently  characterize  it.  Between  these 
rock-wrinkles,  linear  basins  were  formed,  and  in  these  the  surface 
waters  were  entrapped,  filling  them  to  the  brim  and  either  overflow- 
ing or  else  reaching  that  state  of  expansion  at  which  evaporation 
equals  precipitation.    For  the  greater  part,  the  former  condition 
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prevailed  in  the  earlier  history  of  these  lakes,  while  the  latter  is  the 
prevalent  phase  assumed  by  their  more  recent  successors. 

Similar  lakes  were  doubtless  formed  in  earlier  ages  in  regions 
where  the  strata  were  much  warped  or  folded,  but  in  none  of  those 
ages  is  there  evidence  that  they  became,  as  now,  a  conspicuous  geo- 
logical agency.  Some  examples  may  perhaps  be  found  among  the 
Triassic  basins  of  the  Appalachian  region.  At  the  close  of  the 
Post-Carboniferous  revolution,  it  is  probable  that  basins  between 
the  mountain  folds-were  not  uncommon  in  the  Appalachian  region. 
We  have  at  times  been  inclined  to  refer  the  Keweenawan  sandstones 
of  the  Lake  Superior  basin  to  ancient  lacustrine  action,  but  the 
scanty  evidence  seems  rather,  to  favor  its  reference  to  a  gulf  of  the 
sea. 

lAfe.  The  life  which  was  gathered  in  the  sediments  of  the  great 
Tertiary  lakes  manifestly  stands  somewhat  in  contrast  to  that  which 
was  entrapped  by  oceanic  deposits.  The  inhabitants  of  the  waters 
were  lacustrine  instead  of  marine  species.  In  addition  to  this,  there 
was  a  very  much  larger  contribution  of  land-life.  The  sweet  waters, 
shallow  shores,  bays,  and  land-locked  armlets  of  the  lakes,  were 
attractive  resorts  for  all  manner  of  land  animals,  quite  in  contrast 
to  the  bitter  waters,  rough  winds,  and  violent  waves  of  the  ocean, 
which  repel  land-life,  except  such  species  as  may  be  adapted  to  profit 
by  these  special  circumstances.  The  result  was  a  fossilized  fauna  of 
great  richness  and  variety,  embracing  not  only  fresh- water  forms, 
but  the  herbivorous  and  carnivorous  species  that  frequented  the 
lake  shores,  the  insects  and  birds  that  gathered  about  them,  together 
with  the  plant-life  that  flourished  along  their  borders. 

Dommance  of  Lamd  Life.  Land-life,  therefore,  assumes  a  pre- 
dominant place  among  the  fossils  of  the  era,  and  in  this  betokens 
the  progress  of  the  age,  for  a  signal  feature  of  the  dawn  of  the 
modem  era  was  the  passage  of  life  dominance  from  the  sea  to  the 
land.  In  all  the  earlier  ages,  marine  life  held  undisputed  pre-emi- 
nence. In  the  latest,  while  it  may  yet  surpass  in  numbers,  the  scepter 
of  power  and  superiority  of  organization  has  passed  to  the  land. 

The  foreshadowing  of  this  transition  had  appeared  in  the  preced- 
ing ages,  in  the  terrestrial  Dinosaurs,  the  highest  and  the  mightiest 
of  the  reptiles,  and  in  the  still  higher,  but  less  powerful  birds. 
Among  the  forests,  modern  Angiosperraous  trees  had  largely  replaced 
the  ancient  and  inferior  Acrogens  and  Gymnosperms. 

Modem  Aspect  of  Life,  The  life  of  the  Tertiary  age  was  of  a  con- 
spicuously modem  type.  The  change  in  forest  types,  already  noted, 
was  far  advanced.     The  Tertiary  groves  were  strikingly  like  those 
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of  our  own  warm-temperate  zone.  The  atiimai-iife  was  likewiae, 
but  less  notably,  motloi-iiized.  The  rule  of  the  huge  reptilian  mon- 
st«re  had  passed  away,  and  their  huge  forms  no  longer  shook  the 
land.  The  great  reptilian  Dinosaur  yielded  to  the  still  greater 
niaiiimalian  Diuoceras.  The  latter  was  an  animal  of  great  strength 
and  eluphantino  proportions,  whose  skull  presented  three  pairs  of 
Fto.  81. 


Bkou.  un  LonB  Jiw  or  Diuoceras  Miubili.  i  ^  (Hudi). 

bony  prominences  like  the  bases  of  horns,  one  pair  on  the  nose,  one 
on  the  checks,  and  one  on  the  forehead.  If  all  of  these  were  armed 
with  horns,  like  those  of  the  Rhinoceros,  to  which  the  animal  bears 
a  reseni  bianco,  it  is  little  wonder  that  he  displaced  even  the  reptilian 
monstere.  (It  is  quite  possible,  however,  that  the  cold  produced  by 
the  Post-Cretaceous  elevation  may  have  benn  more  efhcient  in  bring- 
ing about  this  result  than  the  horns  of  the  Dinoceras.)  At  the 
beginning  of  the  Tertiary,  the  whole  reptilian  class  sank  to  a  subor- 
dinate position,  and  found  safety  in  less  unwieldy  forms  and  in  re- 
treats less  congenial  to  the  mammalian  type,  which  now  succeeds  to 
the  supremacy,  and  becomes  the  characteristic  Ufe  of  the  age. 

Mammiiln.  Among  the  mammalian  forms,  the  more  abundant  at 
first  were  (1)  the  non-ruminant  Herbivores,  whose  nearest  present  rel- 
atives are  the  Hog,  Horse,  Tapir,  and  Rhinoceras;  (2)  Rodents  of 
the  Squirrel  type;  (3)  Monkeys,  allied  to  the  Lemurs,  together  with 
(4)  Carnivores,  akin  to  the  Fox,  Wolf,  and  Cat.  Later,  there  were 
true  Ruminants,  Edentates,  and  other  representatives  of  modem 
types. 
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Marine  FoTTns.  Among  the  marine  life 
that  frequented  the  continental  shores 
were  Whales,  Seals,  Walruses  and  Dol- 
phins, among  which  the  most  conspicu- 
ous was  the  Zeugiodon,  which  combined 
k  the  characters  of  the  Whale  and  Seal,  and 
I  attained  a  length  of  70  feet  or  more. 
These  left  their  relics  in  great  abundance 
on  the  shores  of  the  ancient  Mexican 
■Gulf. 

Special  Mammalian,  Forma.  Among 
the  great  group  of  mammalian  forms, 
special  interest  attaches  to  the  Corypho- 
donts,  because  of  their  comprehensive, 
undifferentiated  character,  to  the  J)moc&- 
rata,  from  their  apparently  unusual  hom- 
development,  totbe  TiUodonta,  because  of 
*"  their  peculiar  rodent-like  dentation,  to 
the  now  celebrated  Fohippua  (dawn-horse)  and  Orohippua  of  the 
Eocene,  and  to  their  successors,  the  Mesohippua,  MioKvppua  (Anchi- 
theriumj  of  the  Miocene,  and  Protokippua  (Hippa/rion)  and  PUohip- 
pus  of  the  Pliocene,  as  the  predecessors  of  the  modern  horse,  and  to 
the  Monkeys,  because  they  are  the  first  representatives  of  a  type  to 
which  modern  theories  have  given  great  interest.  In  the  last  epoch 
there  appeared  the  first  knoivQ  species  of  the  Elephant  and  the  Mas- 
todon, which  became  the  monster  forms  of  the  Post-Tertiary  age. 
The  Baber-toothed  Lion,  Tigers,  rivaling  in  size  the  Bengal  of  the 
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present  jungles,  true  Camels,  Beer,  and  insectivorous  and  other 
modem  mammals  appeared  toward  the  close  of  the  Tertiary.  On 
the  eastern  continent,  the  Dinot/ierintn,  Pataotherium,  and  other 
strange  forms,  attended  with  a  full  menagerie  of  Carnivores  and 
Herbivores,  characterize  the  life  of  the  age. 
Fra.  87. 


b.  Pliocene. 

1.  PJioAtj^piu, 


2.  Protohippiu. 

(Hipparion.) 


c-  Miocene. 

1.  Miohippiu, 
(AncMtherinM.) 


nCHuucrmoFSuiAiiMiviODtnu,  mtsn  ihi  Houe  Ttfb. 


sa 


GENERAL  GEOLOGY. 


An  reinarked  concerning  the  Kcptilas  of  the  Meeozoic.  the  devel- 
opment of  the  Mammals  in  the  Tertiary  aye  was  mpiu,  niA  tho 
.expansion  of  the  type  remarkable. 

Flo.  88. 


— -tT 


BimJ.  um  Lona  Jiw  or  Tiliodoalia  (Htnb). 

Birds.  Birds  had  assumed  the  modern  form.  Their  tnothcd 
jaws  had  given  place  to  beaks,  and  their  lung  reptilian  tails  had  buua  ' 
abbreviated. 

Fia.  89. 


lUJOB  I  )4  (llanh). 
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In  the  seas  the  invertebrate  life  had,  in  all  its  great  branches, 
made  progress  toward  modem  forms,  but  these  changes  do  not 
demand  notice  in  detail 

Fkj.  91. 


Kdioidijha  Lcnoiu. 
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Mountain  Making.  The  quiet  progress  of  the  era  was  interruptod 
by  orographical  disturbances.  At  the  close  of  the  Eocene  period 
there  was  a  raoder^ite  elevation  along  the  Atlantic.  At  the  close  of 
the  Miocene,  the  Coast  range  was  formed,  and  the  western  area,  gen- 
erally, involved  in  the  movement.  At  the  close  of  the  Pliocene,  or 
in  other  words,  at  the  close  of  the  age,  there  was  a  general  conti* 
nental  elevation  which  lifted  the  whole  to  a  height  several  hun-  ' 
<lred  feet  above  its  present  altitude.  This  appears  to  have  been 
most  felt  at  the  north,  where  there  are  evidences  of  elevation  to  a 
height  of  1,000  feet  to  2,000  feet  above  the  present  continental 
position. 
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In  foreign  countries  even  more  considerable  disturbances  occurred, 
so  much  so  that  the  age  apparently  surpassed  all  preceding  ones 
since  Archaean  times,  in  the  mountain  flexures  produced.  The 
Pyrenees,  Alps,  Appenines,  Carpathians,  Himalayas,  Andes,  and 
doubtless  others,  whose  geological  history  is  unknown,  received  their 
final  elevation  in  this  age.  It  would  be  an  error,  however,  to  as- 
sume that  these  mountain  systems  were  produced  de  novo  at  this 
time.  Their  real  growth,  in  many  instances,  doubtless  in  most, 
began  far  back  toward  the  beginning  of  the  history  of  the  earth's 
corrugation,  but  they  received  their  last  and  most  conspicuous  uplift 
in  this  late  era. 

Igneous  Eruptions,  From  the  Miocene  period  onward  to  the 
Quaternary,  indeed  almost  to  the  present,  the  western  mountain 
region  has  been  the  theater  of  extraordinary  igneous  activity.  Nor 
is  that  region  alone  in  this  respect.  South  America,  Europe,  south- 
eastern Asia,  and  other  less  well  known  regions,  expierienced  similar 
volcanic  activities.  Indeed  the  Tertiary  age  might  be  designated 
the  Age  of  Eruptions.  A  part  of  this  seeming  predominance  is 
doubtless  due  to  the  superficial  position  of  the  ejected  material,  and 
the  fact  that  it  has  not  been  so  largely  removed  by  subsequent  dis- 
integration as  similar  formations  of  earlier  periods.  Nevertheless  it 
appears  clear  that  there  was  a  real  preponderance  of  igneous  activity, 
though  it  may  have  been  inferior  to  the  igneous  display  of  the  closing 
Archaean  age. 

In  the  western  region  there  were  great  eruptions  of  both  the 
crater  and  fissure  types.  Immense  volumes  of  molten  rock  came 
welling  up  from  the  depths  of  the  earth,  intruding  itself  more  or 
less  widely  among  the  rocks  through  which  it  passed,  and  spreading 
itself  upon  the  surface  in  great  sheets,  only  to  be  succeeded,  again 
and  again,  by  similar  out-flows  until  a  great  series  of  igneous  sheets 
were  piled  up. 

Recent  investigators  (Richthofen,  King  and  Dutton)  are  agreed 
in  the  observation  that  the  earliest  ejections  were  of  the  chemically 
intermediate  class,  represented  by  propylites,  and  andesites,  that 
these  were  succeeded  by  the  more  acid  trachytes  and  rhyoUtes, 
while  the  last  flows  were  the  basic  basalts. 

Among  the  many  other  instructive  lessons  which  this  observed  suc- 
cession may  teach,  when  its  cause  and  history  are  fully  elucidated,  is 
one  of  importance  to  students  and  unscientific  readers,  viz. :  that 
volcanic  phenomena  are  not,  in  their  real  nature,  sudden  and  con- 
vulsive, but  are  rather  intermittent  manifestations  of  what  is  really  a 
very  slow  action  that  runs  a  long  course,  stretching  over  a  great 
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lapse  of  time,  during  which  varying  series  of  products  are  thrown 
forth  at  successive,  but  often  widely  separated  intervals.  "While 
sudden  catastrophes  of  limited  extent  are  characteristic  of  geologi- 
cal history,  yet  the  too  popular  conception  of  convulsions,  affecting 
profoundly  whole  continents  or  mountain  ranges,  or  any  considera- 
ble proportion  of  the  earth's  crust,  are  the  products  of  an  unre- 
strained imagination,  utterly  unsupported  by  geological  evidence. 
The  earth  throughout  known  geologic  history,  at  least,  has  always 
been  a  quiet,  steady-going,  well-behaved  planet. 


CHAPTER  XIY. 

GEOLOGICAL  WOKK  m  WISCONSIN  BETWEEN  THE 
DEVONIAN  AND  GLACIAL  PERIODS. 

In  pursuing  the  course  of  geological  history  through  these  later 
ages,  we  have  been  led  away  from  the  boundaries  of  Wisconsin  into 
regions  more  and  more  remote,  until,  at  the  close  of  the  Tertiary 
age,  we  find  ourselves  on  the  borders  of  the  continent  itself.  But 
has  Wisconsin  no  recorded  history  during  the  interval  ?  Most  as- 
suredly she  has  her  record.  Wisconsin  played  her  part  in  the  enact- 
ments of  the  later  ages,  as  in  the  earlier,  but  it  was  not  in  the  sphere 
of  growth,  but  of  denudation.  Wisconsin  was  not  receiving,  but 
giving.  The  growth  of  the  younger  areas  was  at  the  expense  of  the 
older.  After  hor  own  early  completion,  Wisconsin  thenceforth  gave 
of  her  substance  to  the  building  up  of  her  younger  sister  States. 

Erosicm.  Levdmg  of  the  Heights.  We  have  seen  that  the  marine 
growth  of  our  State  ceased  with  the  Middle  Devonian,  at  which 
time  it  ascended  finally  from  the  ocean,  so  far  as  demonstrative  evi- 
dence shows,  and  thence  forward  became  dry  land.  From  this  time 
onward,  to  the  close  of  the  Tertiary,  its  history  is  that  of  erosion. 
From  the  ver}'-  earliest  appearance  of  Isle  Wlsconsm,  that  portion 
exposed  to  atmospheric  agencies  had  been  decomposed  and  washed 
down  to  the  sea,  whQe  a  relatively  small  portion  was  driven  away 
by  the  winds.  As  the  land  enlarged  by  the  gathering  of  its  rocky 
wrappings  about  it,  the  area  subject  to  erosion  increased,  and  when 
at  length  it  was  completed,  she  entered  fully  on  a  long  history  of 
erosion,  that  was  only  interrupted  by  the  extraordinary  work  of  the 
glacial  period  to  be  presently  described.  Daring  this  interval,  the 
mountainous  Archaoan  portion  was  cut  down  from  its  once  lofty 
height  essentially  to  its  present  low  altitude,  and  relatively  smooth 
surface.  Instead  of  a  height  of  thousands  of  feet  to  which  the 
northern  part  of  the  State  once  attained,  it  is  now  nowhere  more 
than  2,000  feet  above  the  sea. 

Carving  of  the  Plains.  Quite  in  contrast  with  this  leveling  of 
the  mountains  was  the  effect  upon  the  PalaBOzoic  strata  that  occupy 
the  southern  portion  of  the  State.    When  these   first  ascended 
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from  the  ancient  sea,  they  presented  an  exceedingly  plane,  smooth 
surface.  Under  the  wear  of  the  ages,  however,  these  plains  were 
channeled  and  carved  into  hills  and  valleys  by  running  streams. 
Precisely  what  kind  of  surface  was  formed  is  known  from  a  study 
of  the  driftless  area  of  the  southwestern  portion  of  the  State,  for  on 
this  region  the  agencies  of  the  glacial  period  did  not  act,  and  it  re- 
mains to-day  an  unmarred  monument  of  the  erosion  that  began  as 
early  as  the  Devonian  age,  and  continued  to  the  present  time.  A 
glance  at  any  good  physical  map  of  that  region  will  show  the  pecul- 
iar, dendritic  symmetry  with  which  the  little  streams  gather  into 
the  larger,  beautifully  illustrating  the  typical  character  of  a  drain- 
age which  began  upon  an  essentially  plane  surface,  and  carved  its 
lines  in  horizontal  formations.  By  glancing  at  the  geological  maps 
accompanying  this  report,  the  beautiful  manner  in  which  these 
streams  have  successively  cut  through  the  underlying  formations  of 
the  area,  giving  to  them  intricate  outlines,  will  be  seen  to  be  quite 
unique.  Similar  surfaces  were  doubtless  presented  throughout  the 
entire  area  of  the  horizontal  strata,  but  they  were  elsewhere  much 
modified  by  glacial  agencies. 

A  Comparative  Measure  of  Gl/icial  and  Pre-gla^al  Effects.  We 
have  in  this  close  contiguity  of  glaciated  and  non-glaciated  areas  of 
the  same  age  and  formation,  a  circumstance  of  great  advantage  in 
estimating  the  character,  and  precise  effects  of  the  glacial  agencies. 
"We  are  not  left  to  those  wild  drafts  upon  an  unrestrained  imagina- 
tion that  sometimes  characterize  views  entertained  of  glacial  action. 

It  becomes,  therefore,  a  matter  of  much  theoretical  interest,  as  it  is 
of  much  practical  concern  to  all  industries  affected  by  topography, 
to  study  the  origin  and  character  of  the  surface  inequalities  of  the 
State. 

Features  Due  to  Flexures  of  the  Strata.  The  Laurentian  upheaval, 
predetermined,  in  that  most  ancient  period,  the  great  drainage  sys- 
tems of  the  State.  From  it,  as  an  elevated  center,  the  waters  have 
been  shed,  throughout  all  subsequent  ages,  toward  all  points  of  the 
compass,  upon  the  surrounding  lower  lands.  As  the  result  of  this 
prime  cause,  modified  by  the  circumstances  of  later  times,  there 
arose  the  salient  topographical  features  of  the  State,  viz. :  a  central 
elevation,  with  a  short,  abrupt  declivity  northward,  and  a  long  slop- 
ing decline  to  the  south,  attended  by  corresponding  drainage 
systems. 

Among  the  modifying  circumstances  of  later  ages,  the  most 
prominent  was  the  elevation  of  a  low  broad  arch,  extending  south- 
ward through  the  central  portion  of  the  State.    This  low  swell  is 
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broad  at  the  north,  where  it  abuts  against  the  Archaean  elevation, 
and  tapers  gradually  southward  to  a  point,  and  dies  away  in  northern 
Illinois.  This  divides  the  southern  slope  into  two  subordinate  ones, 
the  one  declining  gently  to  the  southeast,  and  terminating  in  the 
basin  of  Lake  Michigan,  the  other  to  the  southwest,  and,  as  a  pres- 
ent drainage  feature,  is  terminated  by  the  Mississippi  river,  but 
stratigraphically  extends  onward  under  Iowa  and  Minnesota  to 
somewhere  near  their  centers.  There  is,  therefore,  a  southeastr 
ward  and  a  south  westward  drainage  slope. 

The  symmetry  of  this  system  is  broken  by  Military  Eidge,*  a 
transverse  elevation  extending  obliquely  from  north  of  east  to  south 
of  west,  across  the  central  axis,  in  the  southern  portion  of  the  State. 
This  ridge  diverts  to  the  right  and  to  the  left,  in  a  quite  remarkable 
manner,  the  streams  descending  from  the  north.  The  "Wisconsin 
river,  which  lies  throughout  all  its  upper  course  on  the  back  of  the 
low  central  arch,  turns  abruptly  westward  on  encountering  Military 
Ridge,  and  flows  along  its  northern  face  until  it  joins  the  Mississippi, 
and  thereby  passes  around  its  western  extremity.  All  the  streams 
on  the  east  on  encountering  it  turn  abruptly  to  the  northeast,  and 
find  escape  into  the  valley  of  Lake  Michigan.  Along  the  south  face 
of  Military  Eidge,  the  waters  for  a  stretch  of  no  less  than  150  miles 
in  extent,  gather  themselves  together  to  form  the  Eock  river.  Other 
transverse  swells  similar  to  Military  Eidge,  but  of  less  importance, 
give  rise  to  minor  features  of  topography  and  drainage. 

These  grander  features  are  mainly  the  result  of  flexures  of  the 
strata,  some,  as  those  affecting  the  Archaean  strata,  of  the  most 
profound  character;  others,  as  those  aflfecting  the  Palaeozoic  strata, 
of  the  most  gentle  and  subdued  nature. 

Features  Dice  to  Erosion,  Another  and  scarcely  less  important 
class  of  physical  features  arise,  not  from  elevations  or  bendings  of 
the  strata,  but  from  peculiarities  of  erosion.  It  is  obvious  that  if  a 
group  of  strata  are  exposed  to  wear,  those  which  are  most  resistant, 
either  because  of  hardness  or  insolubility,  will  be  relatively  less 
affected  than  those  of  a  more  yielding  character,  and  inequalities  of 
surface  and  peculiarities  of  drainage  will  result.  This  will  be  espe- 
cially true  if  the  strata  are  somewhat  inclined,  and  present  their 
upturned  edges  to  erosive  action,  as  is  the  case  with  the  inclined 
beds  on  the  eastern  and  western  flanks  of  the  central  arch  of  the 
State. 

The  most  striking  topographical  feature  that  owes  its  origin  to 

1  This  term  is  commonly  applied  only  to  that  portion  of  the  ridge  in  the  south- 
western part  of  the  State,  where  it  is  more  conspicuous  than  elsewhere. 
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Buch  a  cause  is  the  Green-Bay-Eock-Eiver  valley.  By  reference  to 
the  maps  and  numerous  sections  of  the  region  found  in  Vol.  II  and 
the  atlas,  it  wiU  be  seen  that  this  notable  valley  lies  in  the  horizon 
of  the  soft  Hudson  Eiver  (Cincinnati)  shales,  having  for  its  floor, 
mainly,  the  hard  Galena  limestone.  On  the  east  it  is  bordered  by  a 
protecting  sheet  of  the  hard  resisting  Niagara  limestone.  The  val- 
ley owes  its  origin  to  these  stratigraphical  circumstances.  The  soft 
shales  are  easily  worn  and  washed  away,  thereby  continually  under- 
mining the  more  obdurate  limestone,  causing  it  to  stand  forth  in 
mural  escarpments,  or  to  rise  in  abrupt  slopes  on  its  eastward  side, 
while  on  the  other  hand,  the  hard,  sloping  floor  of  the  underlying 
limestone,  kept  the  streams,  in  pre-glacial  times,  hard  against  the 
eastern  walL 

Fig.  93. 


Sbotioh  across  the  Green  Bay  valley,  fllustratiiig  its  relations  to  the  Galena  limestone  (G^.% 
upon  which  it  is  based,  to  the  Hudson  River  (Cincinnati)  shales  (J7.  JB.)«  i^  whose  horizon  it  mainly 
Uet,  and  to  the  Niagara  limestone  iN.)^  which  forms  the  cliffs  bordering  it  on  the  east. 

On  the  east  side  of  this  valley,  the  rock  slope  inclines  regularly 
toward  Lake  Michigan,  and  the  pre-glacial  streams  doubtless  pursued 
regular  courses  down  the  slope.  Their  present  directions  are  marked 
by  many  anomalous  features,  but  these  are  mainly  due  to  the  drift, 
for  the  discussion  of  which  we  are  not  yet  prepared. 

Many  interesting  minor  features  in  other  portions  of  the  State  are 
likewise  due  to  differences  in  the  resisting  power  of  the  strata.  Among 
these  are  the  numerous  instances  in  which  the  Lower  Magnesian 
limestone  stands  forth  in  cliflFs,  rough  outliers,  rude  embattlements, 
or  castellated  towers,  over-jutting  the  Potsdam  sandstone,  whose 
easy  removal  has  set  them  forth  on  the  crowns  of  the  hills.  Similar, 
but  ^usually  less  striking  and  picturesque  projections,  are  caused  by 
the  rapid  removal  of  the  St.  Peters  sandstone,  leaving  a  protruding 
cap  of  the  overlying  Trenton  limestone.  The  western  half  of  the 
State,  especially  in  the  immediate  vicinity  of  the  Mississippi,  is, ren- 
dered picturesque  by  the  f  ree-hapd  carving  of  the  artist  Time.  There 
is  here  no  rivalry  of  the  wonderful  West,  but,  without  destroying  its 
industrial  value,  nature  has  given,  at  once,  relief  to  her  structure,  and 
beauty  to  the  landscape,  while  teaching  an  instructive  lesson  in  the 
laws  of  her  sculpture.^  From  the  almost  level  plains  of  Central 
Wisconsin,  there  rise  abruptly  to  a  height  sometimes  exceeding  200 

I  Some  of  the  chromo-lithographs  of  the  report  exhibit  examples  of  this. 
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feet,  castles  and  towers  of  sandstone,  the  monumental  remnants  of 
an  eroded  formation,  whose  preservation  is  due  to  a  protecting  crown 
of  resisting  rock. 

In  the  region  of  the  crystalline  rocks,  the  same  principles  of  un- 
equal erosion  held  sway,  but  found  a  diflFerent  expression  in  harmony 
with  the  character  of  the  rock.  Penokee  Range  owes  its  promi- 
nence to  the  hard,  silicious  schists  that  form  its  crest.  The  Baraboo 
quartz ite  ranges  stand  forth  boldly  because  of  the  extreme  hard- 
ness of  the  quartzites  that  compose  them.  They  have  not  only 
resisted  the  erosion  of  the  later  ages,  but  they  withstood  the  ele- 
mental wars  and  the  wave-beatings  of  the  Primordial  ages.  The 
scattered  knobs  of  quartz-porphyry  of  Central  Wisconsin  are  monu- 
ments of  similar  endurance.  The  Rib  and  Mosince  hills  of  the 
Wisconsin  Valley,  the  quartzite  ridge  that  diverts  the  Chippewa 
river  at  the  mouth  of  the  Flambeau,  the  cliffs  of  the  Pipestone 
region  of  Barron  county,  the  iron-bearing  mounds  of  Black  River 
Falls,  the  Watseewinse  mountain,  and  neighboring  ridges  in  the 
Peshtigo  valley,  and  the  quartzite  ridges  of  the  Menominee  iron 
region,  are  all  protuberances  due  in  like  manner  to  superior  endur- 
ance. The  ridges  of  the  Copper-bearing  series,  and  especially  their 
peculiar  saw-tooth  skjMines,  are  due  to  the  combined  effects  of  in- 
clined strata  and  unequal  hardness. 

The  Great  Depressions.  TJve  VM^y  of  the  MississijypL  From 
this  consideration  of  the  prominences  of  the  State,  wo  may  turn  to 
its  depressions.  The  great  features  that  deserve  attention  under 
this  head  are  the  Mississippi  Valley,  and  the  basins  of  tlie  Great 
Lakes.  The  course  of  the  Mississippi  river,  when  consiilered  in  rela- 
tion to  the  underlying  strata,  is  peculiar.  It  lies  upon  the  edges  of 
sloping  strata,  which  reach  their  summit  height  along  the  central 
arch  of  Wisconsin,  and  dip  downward  beneath  Iowa  and  southern 
Minnesota,  and  find  their  greatest  depression  somewhere  in  the 
interior  of  those  States.  Along  the  out-cropping  edge  of  this  slop- 
ing series,  the  Mississippi  pursues  a  curving  course,  approximately 
coinciding  witli  the  strike  of  the  beds.  It  is  manifest,  therefore, 
that  its  course  was  not  established  by  the  depression  of  the  strata, 
else  it  would  have  passed  more  directly  southward  from  St.  Paul, 
through  central  Iowa. 

If  our  interpretation,  based  upon  a  fuller  consideration  of  the  cir- 
cumstances of  the  case  than  is  here  admissible,  be  correct,  the  course 
of  the  Mississippi  here  represents  ai)i)roxiinately  the  shore-line  of 
the  Devonian  sea  at  the  time  of  its  last  advance  upon  our  territory. 
The  course  of  the  river  is  thoucrht  to  have  been  determined  alono 

o  o 
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the  shore-line  by  its  beach  accumulations  and  its  erodable  littoral 
deposits,  just  as  the  course  of  the  lower  Milwaukee  and  that  of  the 
Des  Plaines  were  determined  along  the  shore  of  Lake  Michigan  by 
much  feebler  beach  action  in  later  times,  and  just  as  scores  of  other 
river-courses  have  been  determined  by  similar  circumstances.  It  is 
scarcely  necessary  to  remark  that  the  thin  edges  of  the  Devonian 
strata  have  since  been  worn  away,  but  they  appear  at  no  great  dis- 
tance to  the  west.  These  remarks  apply  only  to  that  portion  of  the 
Mississippi  river  which  lies  adjacent  to  Wisconsin  and  which  trav- 
erses, for  the  most  part,  a  driftless  region.  The  special  channel  of 
the  u[)permost  portion,  as  well  as  that  of  the  lower  stretches,  is  found 
in  greater  or  less  measure  in  Quaternary  deposits,  and  is  doubtless  of 
post-ghicial  origin,  but  even  in  these  portions  the  river  has  probably 
followed  approximately  its  old  course. 

Greater  Depth  of  Ancient  Cfuinnds.  The  Mississippi  river  now 
runs  in  a  channel  at  least  100  feet  above  its  ancient  bed.  An  ar- 
tesian well  at  La  Crosse  shows  loose  material  to  the  depth  of  170 
feet,  and  one  at  Prairie  du  Chien,  to  a  depth  of  147  feet.  The  sur- 
face at  the  latter  well  is  about  40  feet  above  the  surface  of  the  river, 
that  of  the  former,  by  eye-estimate,  is  about  the  same,  but  no  trust- 
worthy measurement  is  at  hand.  These  borings  are  on  the  side  of 
the  valley,  and  probably  do  not  represent  the  maximum  depth  of  the 
ancient  channel.  Rock  river,  a  tributary  of  the  Mississippi,  runs,  at 
Janesville,  at  least  250  feet  above  its  ancient  valley,  a  fact  which 
strengthens  the  probability  that  the  maximum  depth  of  the  ancient 
Mississippi  channel  was  greater  than  that  indicated.  That  the  val- 
ley was  filled,  during  the  drift  period,  to  a  height  of  from  50  to  75 
feet  above  its  present  surface,  is  shown  by  the  observations  of  Mr. 
Strong  on  its  gravel  termces.  It  has  been  re-excavated  to  its  present 
de]»tli  since  the  glacial  period.* 

The  Baain  of  Lake  Michigan,  When  we  attempt  to  discuss  the 
erosion  which  has  been  accomplished  in  the  valley  of  Lake  Michi- 
gan in  pre-glacial  times,  we  tread  upon  battled  ground.  Certain 
geologists  maintain  that  the  great  basin  now  occupied  by  the  lake 
owes  its  essential  features  to  glacial  excavation,  performed  in  the 
period  next  succeeding  the  era  now  under  consideration.  Others, 
on  the  contrary,  maintain  that  it  is  only  a  shghtly  modified  river- 
valley,  whose  outlet  Wiis  blocked  up  by  glacial  debris,  and  is  not,  in 
any  essential  measure,  due  to  glacial  erosion.     A  full  consideration 

1  Major  Warren  has  maintained  (Am.  Jour.  Set.,  Dec.,  1878),  that  the  entire 
MiHsisHippi  valley  was  excavated  since  the  glacial  period,  but  there  is  overwhelm- 
ing evidence  that  this  view  is  not  applicable  to  the  portion  under  consideration. 
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of  the  question  manifestly  involves  a  critical  study  of  the  glacial 
action  that  ensued  in  the  next  period,  but  it  may  be  as  well  for  the 
judicial  character  of  our  final  conclusion,  to  consider  now,  before  we 
have  become  impressed  by  the  peculiar  agencies  of  the  succeeding 
period,  what  was  the  probable  amount  and  character  of  the  pre- 
glacial  erosion.  We  are  in  an  exceptionally  favorable  position  for 
doing  this. 

If  we  place  ourselves  upon  the  low  central  arch  of  our  State,  in 
the  middle  of  the  Devonian  age,  we  shall  find  the  sea  wrapping 
around  the  southerly  projecting  point  of  land,  and  encroaching  upon 
our  borders  on  the  east,  and  probably  touching  them  on  the  west. 
If  there  was  a  greater  incursion  and  consequent  preponderance  of 
deposition  on  either  side,  it  was  manifestly  on  the  east,  for  a  rem- 
nant of  the  formation  remains,  notwithstanding  all  that  may  have 
been  removed  by  pre-glacial  action,  and  all  that  may  have  been  cut 
away  by  the  glacial  erosion  which  aflfected  that  border,  but  was  en- 
tirely absent  from  the  other.  It  is,  therefore,  manifest  that  no  erosion 
antedating  this  period  can  have  favored  the  eastern  side  as  compared 
with  the  western.  If  we  examine  the  slopes  of  the  arch,  we  shall 
find  no  essential  difference.  If  we  examine  the  water-shed  areas, 
we  shall  find  at  least  an  equally  great  drainage  descending  on  the 
west.  If  we  attempt  to  estimate  the  entire  amount  of  territory 
tributary  to  the  Mississippi  on  the  one  hand,  and  to  a  supposed  river 
occupying  the  basin  of  Lake  Michigan  on  the  other,  it  appears  quite 
manifest  that  the  advantage  is  in  favor  of  the  Mississippi.  If  we 
consider  their  relative  slopes — an  important  consideration  in  deter- 
mining erosion — it  is  difficult  to  find  a  basis  in  known  fact,  or  in 
the  probabilities  of  the  case,  for  the  belief  that  the  Lake  Michigan 
area  was  the  more  favorably  situated  for  erosion,  unless  it  be  main- 
tained that  the  depression  of  the  Cretaceous  period  was  more  unfa- 
vorable to  the  erosion  of  the  western  than  the  eastern  side,  which 
would  depend  upon  the  special  attitudes  the  two  slopes  assumed, 
which  is  essentially  unknown. 

If  we  descend  to  more  direct  evidence,  and  examine  the  extent  to 
which  the  strata  have  been  cut  away  from  the  slopes  of  the  arch  on 
either  hand,  it  is  a  conspicuous  fact  that  the  worn  edges  of  the  strata 
a/re  farther  away  froin  the  water-shed  on  the  west  side^  than  they  are 
on  the  east  side^  as  a  glance  at  the  geological  map  will  show.  That 
some  of  the  strata,  at  least,  once  overlay  this  arch,  is  made  clear  by 
remnants  in  the  southern  part  of  the  State,  The  "  Blue  Mounds,'' 
for  instance,  are  capped  by  Niagara  limestone,  and  lie  only  a  few 
miles  west  of  the  axis  of  the  arch,  and  belong  to  the  western  sloj)3. 
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but  they  are  nevertheless  nearer  the  main  body  of  the  Niagara  on 
the  east,  notwithstanding  the  fact  that  the  latter  has  been  subjected 
to  glacial  planing,  in  addition  to  pre-glacial  erosion.  The  same 
mounds  demonstrate  that  the  Hudson  Eiver  shales,  an  especially 
erodable  formation,  originally  curved  over  the  water-shed.  But  on 
the  west  they  have  been  cut  away  to  some  distance  beyond  the  Mis- 
sissippi (except  remnant  patches),  while  on  the  east  they  appear  as 
a  continuous  sheet  40  miles  west  of  the  lake.  The  present  position 
of  the  Silurian  strata,  therefore,  not  only  does  not  favor  the  idea  of 
exceptionally  great  erosion  upon  the  eastern  slope,  as  compared  with 
that  of  the  western,  but  points  directly  to  an  opposite  conclusion, 
though  the  difference  is  not  great. 

Again,  we  have  thus  far  failed  to  find  on  the  Lake  Michigan  shore 
the  deep  tributary  valle^ys  which  shotald  characterize  it,  if  it  had  been 
on  the  margin  of  so  deep  a  valley  as  that  of  the  present  lake.  The 
deepest  drift  penetrated  by  artesian  wells,  so  far  as  known  to  the 
writer,  is  170  feet.  It  will  be  no  answer  to  this  to  maintain  that 
these  tributary  valleys  were  entirely  filled,  and  concealed  by  glacial 
drift,  for  the  recorded  striae,  and  other  evidences  of  drift  movement, 
show  that  the  ice  pushed  westward  from  the  lake,  a  direction  favor- 
able to  the  excavation,  rather  than  the  filling  of  such  tributary 
valleys.  Furthermore,  the  thickness  of  the  drift  in  this  region  is  not 
such  as  to  fill  and  conceal  important  river  valleys.  We,  therefore, 
fail  to  find  a  trustworthy  basis  in  the  facts  of  the  case,  for  suppos- 
ing extraordinary  erosion  upon  the  eastern  borders  of  the  State,  as 

compared  with  the  western. 

Fia.  M. 


PRomji  from  Mlxmeflota  to  Michigan  across  Wisconsin,  near  the  parallel  of  44*  N.  latitude 
(1.  e.,  near  the  center  of  L.  Michigan),  showing  the  relative  characters  of  the  Mississippi  and  Lake 
Michigan  valleys.  Data  drawn  from  railroad  and  lake  surveys*  The  line  L.  L.  represents  the 
level  of  Lake  Michigan.    O.  L.  the  ocean  level. 

It  will  be  instructive  in  this  connection  to  compare  the  character 
of  the  Lake  Michigan  basin  with  that  of  the  Mississippi  valley,  an 
unquestioned  example  of  river  excavation.  The  bed  of  Lake  Mich- 
igan constitutes,  as  Dr.  Newberry  has  well  pointed  out,  a  broad, 
boat-shaped  depression,  60  to  80  miles  wide,  descending  more  than  300 
feet  helow  the  sea  levels  and  more  than  SOO  feet  below  the  ancient  led  of 
the  Mississippi;  or,  what  is  really  the  true  basis  of  comparison, 
about  1,200  feet  helow  the  Mississippi^  vaUey^  excluding  its  narrow 
caflon^  which  would  heJiUed  m  the  bottom  of  a  glaciated  lake  hasin. 
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The  accompanying  profile  makes  evident  the  great  diflference  between 
the  two  valleys. 

An  inspection  of  the  Lake  Survey  charts  shows  an  absence  of 
the  pronounced  topographical  features  that  characterize  surfaces 
arising  from  river  erosion. 

But  another  consideration  of  grave  moment  arises  when  we  con- 
sider the  possibility  of  an  outlet  for  the  waters  which  are  supposed 
to  have  performed  so  great  erosion.  As  before  observed  the  present 
mud-bed  of  the  lake  lies  300  feet  below  the  ocean  level.  It  is  fair 
to  allow  at  least  100  feet  or  200  feet  for  the  sedimentarv  accumula- 
tions  in  the  bottom  of  the  lake,  for  not  only  a  sheet  of  glacial  drift 
presumably  lies  there,  but  the  sediments  of  all  subscH]uent  time. 
From  the  known  thickness  of  these  upon  its  shores,  and  the  large 
amount  of  material  that  is  yearly  being  eroded  from  its  banks  and 
carried  back  into  the  deeper  waters  of  the  basin,  the  thickness  of 
the  latter  is  probably  considerable,  so  that  the  rock  bottom  is  prob- 
ably at  least  400  feet  or  600  feet  below  tide  water. 

It  is  manifest,  therefore,  that  if  eroded  by  river-action,  the  bottom 
must  not  only  have  been  elevated  the  400  feet  or  500  feet  necessary 
to  bring  it  to  the  sea  level,  but  as  much  more  as  would  be  requisite 
to  cause  the  water  to  drain  away  to  the  distant  ocean,  with  the 
velocity  requisite  for  efficient  erosion.  Four  hundred  feet  is  thought 
to  be  a  very  moderate  allowance  for  this  additional  elevation,  and 
500  feet  would  be  necessary  to  any  great  efllciency.  This  makes 
the  total  requisite  elevation  from  800  feet  to  1,0()0  feet.  But  this 
elevation  must  have  aflFected  the  Mississippi  valley,  and  wouM,  we 
reason,  have  given  it  an  altitude  which  would  have  causcnl  an  ero- 
sion vastly  exceeding  that  actually  found,  for  the  underlying  forma- 
tions are  as  erodable  as  those  of  the  Michigan  basin. 

This  difficulty  is  not  satisfactorily  escaped  by  assuming  a  tilting  of 
the  land,  for  the  other  great  lake  basins  present  siuiilar  extraor- 
dinary features,  and  any  supposable  elevation  which  will  satisfy  the 
conditions  of  the  whole  problem  must  be  widespread,  and  necessarily 
involve  the  whole  of  Wisconsin.  Furthermore,  any  such  tilting 
ought  to  have  manifested  itself  in  its  effects  on  the  shape  and  con- 
tour of  the  Mississippi  valley,  but  such  features  have  not  been  dis- 
covered. 

Another  grave  consideration  presents  itself  whon  the  question  of 
the  outlet  of  this  supposed  river  is  raised.  If  it  were  competent  to 
excavate  so  broad  and  deep  and  smooth  a  basin  as  that  underlying 
Lake  Michigan,  it  seems  necessary  to  supj^ose  that  it  must  have 
eroded  a  correspondmgly  broad  and  deep  valley  down  to  the  sea. 


WORK  BETWEEN  DEVONIAN  AND  GLACIAL  PERIODS.        257 

It  is  taxing  our  credulity  heavily  to  suppose  that  a  river  could  exca- 
vate such  a  boat-shaped  basin  as  Lake  Michigan  presents,  and  yet 
have  a  narrow,  caflon-like  outlet  to  the  sea,  through  precisely  similar 
formations  —  very  heavily,  indeed,  if  we  suppose  that  the  same  phe- 
nomenon is  repeated  in  the  case  of  each  of  the  Great  Lakes.  It  is 
manifest  that  no  such  broad  valley  formed  the  outlet  of  Lake  Mich- 
igan, much  less  so  of  Lake  Superior.  It  is  maintained  that  an  old 
channel,  having  a  depth  of  perhaps  200  feet,  has  been  traced  south 
from  Lake  Michigan  to  the  vicinity  of  Bloomington,  from  which 
point  it  probably  extends  onward.  It  has  been  urged,  and  appar- 
ently with  very  good  reason,  that  this  was  an  old  channel  of  dis- 
charge from  the  area  of  Lake  Michigan.  The  depth  of  this,  let  it 
be  observed,  is  quite  harmonious  with  that  of  the  ancient  valleys  of 
the  Eock  and  Mississippi  rivers,  and  lends  support  to  the  view  that, 
in  pre-glacial  times,  a  river  drained  the  Lake  Michigan  area  south- 
ward, into  the  Mississippi,  and  that  it  was  then  eroded  in  a  manner 
quite  similar  and  to  a  depth  quite  comparable  to  that  of  the  area 
on  the  west  side  of  the  Wisconsin  arch.  In  short,  all  the  evidence 
which  we  can  gather,  after  eliminating  glacial  agencies,  seems 
to  support  the  simple,  rational  view,  free  from  violent  hypotheses, 
that  erosion  upon  the  east  and  west  sides  of  our  State  in  pre-glacial 
times  went  forward  in  like  manner  and  with  like  results,  giving  rise 
on  the  one  hand  to  the  Mississippi  valley,  and  on  the  other  to  a  sim- 
ilar valley  occupying  the  site  of  Lake  Michigan. 

That  the  Michigan  valley  may  have  been  broader  and  deeper  than 
the  Mississippi,  may  perhaps  have  been  true,  but  aside  from  the 
necessity  of  explaining  the  present  great  basin,  it  is  difficult  to  as- 
sign good  reasons  for  such  a  supposition.  The  writer  has  ground 
for  theoretical  bias  in  favor  of  the  hypothesis  of  a  deep,  broad,  pre- 
glacial  valley,  as  will  appear  from  the  discussion  of  the  courses  of 
the  subsequent  glacial  movements  and  the  cause  of  the  driftless 
area,  but  this  is  not  deemed  a  valid  reason  for  magnifying  pre-glacial 
erosion  beyond  what  a  fair  estimate  of  evidence  and  the  necessary 
circumstances  of  the  case  warrant.  While,  therefore,  it  is  main- 
tained that  a  valley  of  very  considerable  dimensions  occupied  the 
lake  basin,  it  is  not  believed  that  it  had  the  breadth  and  general 
depth  and  symmetrical  contour  which  the  lake  now  presents. 

The  Basin  of  Lake  Superior,  If  we  turn  our  attention  to  the 
greatest  of  the  lakes,  we  shall  find  that  it  presents  features  of  the 
same  extraordinary  character.  Though  less  regular  in  contour  of 
margin  and  bottom,  it  is,  like  Lake  Michigan,  a  broad,  deep  basin, 
descending  more  than  400  feet  below  the  ocean  level.  It  has  some- 
Voul— 17 
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times  been  remarked  that  Lake  Superior  occupies  a  synclinal  trough, 
and  that,  therefore,  no  appeal  to  erosive  forces  is  necessary  to  ac- 
count for  its  origin.  But  this  is  a  misapprehension.  The  stratigraph- 
ical  trough  which  it  occupies  was  formed  in  ancient  Keweenawan 
times,  and  was  subsequently  filled  —  during  the  Cambrian  and 
Lower  Silurian  ages  —  to  some  hundreds  of  feet  above  the  present 
lake  level,  with  horizontal  sedimentary  accumulations.  It  is,  there- 
fore, as  necessary  to  account  for  its  excavation  as  though  the 
Silurian  beds  were  parts  of  a  wide-spread  horizontal  series,  as  in  the 
case  of  the  other  Great  Lakes.  But  in  this  instance,  the  south  shore 
is  bordered,  throughout  almost  its'entire  extent,  by  an  elevated  rook 
terrane.  It  is  only  toward  the  east,  near  the  extremity  of  the  lake, 
that  there  is  any  doubt  as  to  its  continuity. 

Now  let  it  be  observed  again  that  a  river  system,  supposed  to  be 
competent  to  excavate  the  basin  of  this  greatest  of  known  lakes, 
should  have  a  broad  valley  leading  out  to  the  sea.  The  eastern  por- 
tion of  the  Peninsula  of  Michigan  presents  no  evidence  of  such  a 
broad,  deep  valley,  but  on  the  contrary,  a  collation  of  known  out- 
crops, shows  that  no  broad  valley  existed.  The  glacial  forces  moved 
in  such  directions  as  to  have  further  excavated  it,  had  it  existed,  and 
to  have  kept  it  open,  as  in  the  case  of  the  lake  basins  on  either 
hand.  Its  supposed  position  was  directly  in  the  channel  of  great 
glacial  movement,  and  it  is  quite  incredible  that  the  present  topog- 
raphy could  have  been  assumed  if  such  a  broad  valley  ever  existed. 
The  case  is  different  with  a  caQon-like  valley  which  might  be  the 
outlet  of  a  somewhat  considerable  drainage  system,  which  carved 
the  basin  somewhat  deeply,  as  rivers  do.  But  this  is  quite  a  differ- 
ent hypothesis  from  one  which  presupposes  the  excavation  of  a 
broad  basin,  1,000  feet  or  more  in  maximum  depth.  Solvent 
agencies  were  here  inoperative,  because  of  the  insoluble  nature  of 
the  sandstone  removed.     . 

We,  therefore,  arrive  at  the  same  conclusion  concerning  the  pre- 
glacial  work  of  this  region,  that  has  been  previously  stated  in  re- 
lation to  the  Lake  Michigan  basin,  viz. :  that  while  it  was  the  site  of 
a  very  considerable  drainage-erosion,  its  surface  was  left,  like  that 
of  the  Mississippi  valley,  on  the  opposite  side  of  the  Archaean  nu- 
cleus, deeply  carved  and  creased  by  stream-channels,  but  not  ex- 
cavated into  the  broad  deep  basin  now  presented. 

It  wiU  be  remarked  that  this  discussion  is  confined  as  closely  as 
practicable  to  those  phases  of  the  question  of  the  origin  of  the 
Great  Lake  basins  which  enter  as  topographical  features  into  the 
study  of  Wisconsin.    The  question  of  the  Origin  of  the  Great  Lake 
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Basins,  considered  by  itself,  demands  a  much  wider  collocation  of  facts 
and  comprehensiveness  of  discussion,  and  necessitates,  of  coursey  a 
full  consideration  of  glacial  and  other  possible  agencies.  The  con- 
tinuation of  the  discussion  must  therefore  be  deferred  till  the  glacia- 
tion  of  the  region  shall  have  been  considered. 

Former  Extent  of  PaljEozoio  Formations. 

From  the  discussion  of  the  erosion  which  the  face  of  the  State 
suffered  during  its  long  exposure  to  atmospheric  agencies,  we  find 
an  easy  passage  to  the  consideration  of  the  question  of  the  former 
extent  of  the  strata. 

Recalling  the  method  of  their  formation  as  marine  sediments,  it 
is  manifest  that,  when  first  elevated,  they  must  have  presented 
smooth  margins,  curving  gracefully  about  the  primitive  island.  As 
we  now  find  them,  however,  their  edges  present  sinuous  and  jagged 
outlines,  off  the  margin  of  which  lie  detached  outlying  areas,  while, 
within  the  margin,  the  beds  have  frequently  been  cut  through  by  the 
channels  of  streams.  All  this  is  manifestly  the  work  of  drainage- 
erosion.  The  relationship  which  these  ragged  edges  bear  to  the 
streams  that  formed  them  is  too  conspicuous  to  escape  even  casual 
observation.  These  rocky  wrappings  of  the  State  have  been  frayed 
out  by  the  wear  of  time. 

The  outlying  patches  afford  us  much  aid  in  determining  the  former 
extent  of  the  strata.  The  most  conspicuous  examples  are  found  in 
"  The  Mounds  "  of  the  southwestern  portion  of  the  State.  These 
are  elevated  prominences,  which  owe  their  long  escape  from  the 
wear  that  swept  away  the  whole  of  the  surrounding  formation 
mainly  to  two  circumstances:  first,  they  stood  upon  the  ancient 
water-shed,  and  hence  were  less  exposed  than  adjacent  areas  to  the 
wear  and  solution  of  drainage,  and  second,  to  the  fact  that  they  are 
capped  by  a  protecting  crown  of  exceptionally  hard,  silicious 
Niagara  limestone.  The  bases  of  the  mounds  are  formed  of  Cincin- 
nati shales. 

When  the  position  and  relation  of  these  mounds  is  considered,  it 
becomes  quite  clear  that  the  Niagara  limestone  once  extended  from 
the  eastern  portion  of  the  State  over  the  central  arch,  embracing 
the  Blue  Mounds  which  stand  near  its  summit,  and  the  Platte,  Sin- 
sinawa,  and  other  mounds  on  its  western  slope,  and  joined  the  great 
Niagara  limestone  area  that  underlies  Iowa  and  Minnesota  on  the 
west.  But  it  is  manifest  that  an  erosion  which  swept  away  forty 
miles  of  strata  on  the  south  of  the  Blue  Mounds  must,  during  the 
same  period,  have  cut  away  a  considerable  formation  on  the  north. 


860  GENERAL  GEOLOGY. 

It  is  a  neoessaiy  inference,  therefore,  that  this  formation  originally 
covered  a  very  large  area  in  the  sonthem  portion  of  the  State. 
Similar  observations  upon  other  formations  lead  to  similar  views 
concerning  their  former  greater  extension. 

It  is  onr  judgment,  from  a  somewhat  careful  consideration  of  the 
data  bearing  upon  the  subject,  that  the  Potsdam  sandstone,  and 
Lower  Magnesian  and  Trenton  limestones,  originally  wrapped  en- 
tirely around  the  Archaean  core  of  the  State,  but  that  they  never 
buried  the  island  thus  formed,  which  alwajrs  stood  as  a  source  of 
material  and  a  sentinel  of  the  growing  State,  whose  motto,  *^  For- 
ward," impressed  thus  early  upon  it  by  Nature's  seal,  forbade  it, 
having  on^e  risen  from  the  ocean,  ever  again  to  subside  completely 
beneath  it  The  Niagara  group  may  once  have  covered  one-third 
of  the  area  of  the  State,  embracing  the  older  nucleus  between  arms 
extending  high  up  on  either  side,  but  probably  not  surrounding  it. 
The  Devonian  beds  probably  only  extended  a  short  distance  inland 
from  the  Michigan  shore,  while  on  the  western  side,  their  probable 
limit,  as  already  suggested,  was  the  present  position  of  the 
sissippi  river. 


Quaternary  Age  - 
Glacial  Period. 


CHAPTER   XY. 

QUATERNARY  AGE. 

As  here  classified  the  Quaternary  Age  embraces  only  a  single 
period,  and  that  a  relatively  short  one,  but  its  nearness  and  impor- 
tance to  us  have  naturally  led  us,  as  in  the  case  of  all  the  later 
ages,  to  relatively  magnify  it.  Its  subdivisions  may  be  thus 
presented: 

f  Terrace  or  Fluviatile  epoch. 

Champlain  or  Lacustrine  epoch. 

Second  Glacial  epoch. 

Interglacial  epoch. 

First  Glacial  epoch. 
JFtrst  Glacial  Epoch,  We  now  approach  a  most  remarkable 
chapter  in  the  earth's  history.  In  Nature's  writing  it  is  recorded  on 
the  worn,  polished  and  engraved  surface  of  the  rocks,  and  registered 
in  that  mantle  of  commingled  clay,  sand,  gravel,  and  rounded  rock 
of  diverse  character,  which  covers  not  only  the  greater  portion  of 
our  State,  but  all  the  northern  interior  and  eastern  States,  together 
with  a  large  part  of  the  British  possessions,  and  extensive  areas 
elsewhere  in  the  higher  latitudes  of  both  hemispheres.  The  true 
interpretation  and  the  discussion  of  the  cause  of  the  phenomena 
and  the  precise  method  of  deposition,  has  not  yet  completely 
emerged  from  the  region  of  doubt  and  conflict,  and  properly  enough 
so  concerning  some  portions,  owing  to  the  diversity  of  the  deposits. 
But  the  facts  concerning  the  leading  features  of  the  formation  in 
Wisconsin,  taken  in  connection  with  observations  elsewhere,  are  so 
clear  and  decisive  that  we  shall  adopt  the  language  of  positive  nar- 
ration. This  is  done,  however,  for  the  sake  of  ease  and  simplicity 
of  description,  rather  than  from  a  disposition  to  ignore  opposing 
opinion. 

Accumxdation  of  Ice,  The  climate  of  the  Tertiary  age  was,  in 
the  main,  warm,  as  shown  not  only  by  the  character  of  the  animal 
inhabitants  of  the  continent,  but  by  the  existence,  in  Arctic  regions, 
of  a  Avarm-temperate  fauna  and  flora. 

Quite  in  contrast  with  this,  the  Quaternary  age  was  inaugurated 
by  a  period  of  exceptional  cold.  The  rigor  of  the  climate  was 
such  in  northern  regions  that  the  snow-fall  of  the  winters  failed  to 
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TiiB  ViriuTirH  nunifi.  SirmEnijsD 'f  rom  ■  photograph).    The  while  portton  oa  ths  il-' 
noiiiilnin  nl'ijio  tRthp  kfiv  or  hi'iwHi-IiI.  Ui«  source  oF  the  Klacler.    The  line  of  rock-rubble  id  Uh 
venlf  r  of  the  Ice-mrwun  !■  rorme-l  by  Ibe  unioa  of  two  ^iBciers  near  the  louroe.    The  rubU&h  ai 
dUMF  »Ur,  iKor  the  exlremltr,  cDonltutea  ■  portloo  of  lbs  Ulersl  moialiie.    The  cUder  (eiml 
lutm  a  ihort  dliitaiic«  below.  Indeed  Ibe  melUng  edge  li  tbown  In  the  faracmiiuL 
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disappear  during  the  summer,  and  a  certain  residue  of  snow  was 
left  over  as  a  foundation  for  the  new  fall.  It  is  manifest  that  this 
remnant  would,  by  its  cooling  eflfects,  hasten  the  snow-fall  of  the  fol- 
lowing autumn,  and  tend  to  increase  the  accumulation  of  the  suc- 
ceeding winter,  as  well  as  to  augment  the  intensity  of  its  cold  and 
prolong  the  season  of  snow-fall  into  the  spring,  and  so  in  turn  to 
strengthen  itse]f  for  the  resistance  of  the  heat  of  the  succeeding 
summer.    Thus  there  was  a  tendency  to  cumulative  eflfects. 

Through  the  continued  operation  of  the  original  cause  of  cold, 
thus  aiding  itself  by  its  own  eflfects,  there  gathered  in  time  a  great 
depth  of  snow  upon  the  northern  regions.  The  full  extent  of  the 
snow-fields  thus  accumulated  cannot  be  positively  stated,  but  that 
they  were  immense  is  beyond  question.  In  accordance  with  phys- 
ical principles  well  illustrated  in  the  perpetual  snow  of  Arctic  and 
Alpine  regions,  the  accumulated  mass  solidified  below  by  virtue  of 
its  own  pressure  and  natural  tendency  to  coherence,  aided  by  the 
penetration  of  water  melting  abov^e  and  congealing  below.  Thus 
the  snow-field  became  an  ice-sheet,  only  snow-frosted,  as  it  were,  on 
the  surface. 

Glacial  Flow,  This  is  not  so  remarkable,  but  it  is  an  almost  in- 
credible fact  that  the  sheet  of  seemingly  solid  ice  so  formed,  flowed 
like  a  stiff  liquid.  The  whole  interior  of  Greenland,  so  far  as 
known,  is  covei'ed  by  such  an  ice-sheet  several  thousand  feet  thick, 
which  is  slowly  flowing  out  into  the  sea  on  its  margin,  where  it  is 
continually  being  broken  oflf  in  great  icebergs  which  float  away 
towards  the  mid- Atlantic.  The  Antarctic  continent  is  even  more 
completely  buried  beneath  an  ice-mantle,  seemingly  of  even  greater 
thickness,  which  gradually  creeps  out  into  the  Antarctic  ocean,  and 
sheds  the  immense  bergs  that  |ieople  the  southern  seas.  Incredible, 
therefore,  as  it  may  seem,  it  is  an  undeniable  fact  that  the  continued 
accumulation  of  snow  gives  rise  to  immense  ice-sheets,  which  creep 
over  the  surface  of  the  land  in  a  manner  seemingly  quite  inconsist- 
ent with  their  brittle,  rigid  nature. 

The  law  of  flowage  of  these  masses  has  been  repeatedly  demon- 
strated, by  the  exact  observations  of  Agassiz,  Forbes,  Tyndall  and 
others,  to  be  essentially  similar  to  that  of  viscous  fluids.  The  ice- 
streams  that  creep  down  from  the  snow-fields  of  the  Alps  wind 
through  tortuous  valleys,  descend  precipices  like  frozen  cascades, 
heap  themselves  up  in  sudden  curves,  flow  faster  over  steep  sloj^es 
and  slower  over  gentle  declivities,  are  retarded  by  friction  along  the 
sides  and  bottom,  and  flow  faster  in  the  center  and  at  the  top,  as  do 
fluids. 
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Limit  of  Ice.  During  the  rigor  of  the  glacial  cUmate,  such  ice 
sheets  as  now  mantle  the  Arctic  regions  crept  down  from  the  north, 
and  overwhelmed  the  greater  portion  of  our  State,  and  adjacent 
territory,  and  crept  on  southward  to  the  vicinity  of  the  Ohio  river. 
The  exact  limit  of  the  actual  ice-margin  has  not  been  accurately 
determined.  The  southern  limit  of  drifted  material,  mainly  due  to 
the  ice,  but  in  part  carried  on  beyond  it  by  streams  and  lakes  accu- 
mulating at  its  edge,  has  been  approximately  determined,  and  this 
may  be  taken  as  indicating,  nearly  enough  for  our  present  purix>se, 
the  extension  of  the  ice  itself.  This  hmit,  beginning  with  the  Atlan- 
tic, is  found  on  the  islands  of  Nantucket,  and  Martha's  Vineyard 
(Bang  and  Upham),  whence  it  passes  to  and  traverses  Long  Island 
(Mather,  Cook,  Smock  and  XJpham),  and  thence  passes  to  Staten 
Island  and  across  New  Jersey  with  a  northward  curve,  to  the  vicin- 
ity of  Belvidere  (Cook  and  Smock).  Thence  northwesterly  it  crosses 
Pennsylvania  to  Cataraugus  county.  New  York,  where,  turning  south- 
westerly, it  passes  to  the  vicinity  of  the  Ohio  river,  on  the  border  of 
that  State  (Lesley,  Lewis  and  Wright),  thence  westerly  to  the  neigh- 
borhood of  Cincinnati  (Newberry  and  the  Ohio  geological  corps). 
Westward  it  follows  approximately  the  Ohio  river  into  Illinois  (Cox, 
CoUett),  crossing  the  lower  portion  of  that  state  above  the  highlands 
(Worthen).  It  extends  across  Missouri  somewhat  south  of  the  Mis- 
souri river  in  the  vicinity  of  the  Osage  (Swallow),  thence  across  the 
eastern  portion  of  Kansas  (Mudge),  and  curving  northward  pursues 
a  course  aboiit  parallel  to  the  Missouri  river,  distant  from  it  twenty 
to  one  hundrt^cl  miles  (Aughey,  Todd,  Winchell  and  the  writer), 
stretching  northwestward  to  the  vicinity  of  the  northern  limit  of  the 
United  States,  where  it  turns  westward  and  crosses  the  rdlowstone 
river  about  forty  miles  above  its  mouth  (White),  The  latter  jxirt  of 
this  course  has  only  been  quite  imperfectly  determined,  and  the 
further  extension  northward  and  westward  remains  yet  to  be  ascer- 
tained. 

Effects  of  Glacial  Action,  The  eflfects  which  this  moving  sheet  of 
ice  produced  upon  the  surface  of  the  land  have  been  found  almost 
as  difficult  to  appreciate  and  clearly  comprehend,  as  the  fact  of  ice- 
movement  itself.  It  is  well-nigh  impossible  to  rid  ourselves  of  the 
idea  of  the  ice's  rigidity.  Even  while  we  admit  and  assert,  as  facts 
force  us  to,  its  capability  of  flowing,  we  are  wont  to  think  of  a 
moving  glacier  as  an  inflexible  plow  or  plane,  cutting  down  promi- 
nences, filling  up  valleys,  and  pushing  along  in  front  of  it  all  the 
loose  material  encountered  in  its  pathway.  In  reality,  howevei*,  the 
pliancy  (whatever  may  be  its  real  nature)  that  gives  the  property  of 
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flowage  gives  the  same  kind  and  degree  of  flexibility  of  action  on 
the  glacial  margin  and  bottom,  so  that  in  some  measure  a  glacier  is 
enabled  to  mold  itself  to  inequalities,  and  may  flow  over  loose  mate- 
rial as  well  as  push  it  in  advance. 

The  proper  conception  of  its  action,  as  we  view  it,  is  that  of  a 
very  stiff,  viscous  liquid,  into  the  base  of  which  is  incorporated  rocky 
fragments  and  earthly  debris,  which  act  upon  the  rock  floor,  not  as 
a  rigid  plane,  but  as  a  flexible  rasp,  scratching  it  with  the  coarser, 
and  polishing  it  with  the  finer  material,  at  the  same  time  detaching 
and  bearing  away  rock  fragments  which  in  turn  score  the  surface 
beyond.  We  do  not  conceive  of  this  material  imbedded  in  the  bot- 
tom of  the  ice,  as  rigidly  fixed  in  position,  but  as  held  by  the  vis- 
cous tenacity  of  the  ice,  and  moving  along  with  it  where  the  resistance 
of  the  bottom  is  not  greater  than  the  tenacity  of  the  embracing 
ice,  and  to  that  extent  wearing  and  scoring  the  bottom.  Nor  do 
we  conceive  of  an  imbedded  fragment  as  moving  absolutely  with 
tho  ice,  but  just  as  the  bottom  of  the  ice  is  retarded  by  its  friction, 
and  the  upper  portion  flows  faster  over  it,  so  the  embraced  rock- 
fragment,  because  its  friction  on  the  bottom  is  greater  than  that  of 
the  surrounding  ice,  is  still  more  retarded,  and  the  ice  flows  on  over 
and  around  it.  Thus  while  ill  a  sense  it  moves  along  with  the  ice, 
it  is  continually  lagging  behind,  owing  to  its  greater  friction.  When- 
ever such  an  imbedded  fragment  meets  with  too  stout  an  obstacle,  its 
progress  may  bo  stayed  for  a  time,  until,  by  the  aid  of  adjacent  ice- 
action,  the  obstacle  is  escaped  or  removed,  or  it  may  remain  perma- 
nently, and  become  an  example  of  sub-glacial  accumulation.  Thus 
projecting  ledges  of  rock  may,  to  a  certain  extent,  comb  out  from 
the  bottom  of  the  ice  the  rock-fragments  set  in  it,  and  protect  them- 
selves by  material  gathered  on  their  "  stross  '*  side. 

When  advancing,  the  margin  of  the  ice-sheet  plows  up  in  front  of 
it  a  certain  portion  of  the  loose  material  it  encounters,  and  mingles 
with  it  thai  which  itself  bears  along,  forming  a  bordering  ridge, 
which  constitutes  its  terminal  moraine.  But  the  thin  margin  of  the 
ice  is  often  incompetent  to  push  along  all  the  unconsolidated  material 
in  its  path,  and  so  is  forced  to  over-ride  that  which  it  cannot  push. 
This  is  a  matter  of  observation  on  existing  glaciers.  It  appears  also 
to  be  a  well  sustained  opinion  that  in  the  thin  portion  near  its  mar- 
gin, if  not  elsewhere,  a  glacier  is  not,  in  all  situations,  competent  to 
carry  further  all  the  material  it  has  brought,  and  hence  deposits  a 
portion  of  it,  forming  a  sub-glacial  accumulation. 

Our  conception  of  glacial  action  is,  therefore,  that  of  an  immense 
rasp,  which  is  not  only  flexible  in  the  sense  of  adapting  itself  to  the 
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inequalities  of  iU  bottom,  bat  Yielding  in  its  hold  upon  the  imbedded 
materiaL  Its  work  is  tbat  of  {Ij  filing  down  prominences. « 2  filling 
or  deepening  valleys  according  to  their  position  relative  to  its  move- 
ment, (3;  bearing  the  eroded  material  forwari  greater  or  less  dis- 
tances, according  as  it  mav  or  may  not  find  lodgment  on  the  bottoou 
and,  at  Icnirth,  ''4;  heaping  np  terminal  ridges  along  its  margia.  and 
to  a  greater  or  less  extent,  beneath  its  thinned  edge.  It  is  manifest 
tbat  as  it  retreats  by  melting,  this  marginal  depositing  belt  will  be 
carried  back  successively  over  the  whole  area  oocapied  by  the  ice, 
and  this  will  leave  spread  over  the  sorfaoe  an  irr^egolar  coating  of 
the  mixed  material  produced.  This  material  consists  of  il*  the  soil, 
and  perhaps  remnants  of  the  vegetation  that  originally  covered  the 
area,  ''2;  of  the  sands,  gravels,  and  clays  which  the  streams  had  pre- 
viously formed  by  their  own  appropriate  action  on  the  surface, 
(3)  of  loose  fragments  of  rock  which  the  ice  found  already  detached 
from  the  strata  by  various  previous  agencies,  (4  •  of  masses  of  rock 
of  greater  or  less  size,  which  the  glacier  itself  or  accompanying 
agencies  forced  from  their  places,  t'o;  of  the  new  material  which  was 
formed  from  tuese  various  clashes  by  the  rubbing,  crushing,  and 
other  forcible  action  to  which  tl,  :y  were  subjected  under  the  ice,  giv- 
ing rise  to  fine  rock  flour  'the  grist  of  the  glacial  grinding^,  worn 
pebbles  of  various  sizes,  and  scratched  and  rounded  bowlders  formed 
from  the  larirer  rock-maSwS^^,  and  0  of  the  material  which  was  CTound 
and  raspe^l  from  tlie  rojk  floor  by  the  passage  of  the  glacier 
over  it.  The^o  products,  s^j  far  as  simple  glacial  action  is  concerned, 
are  in  the  main  confusedly  commingle^l,  prolucin^  a  loiclder  clay^ 
or  what  Ls  now  comin.'  irenerallv  to  be  desiirruited  TIU.  This  vai-ies 
in  the  proportions  of  ciay,  sand,  gravel,  and  b  jwlJers,  according  to 
the  nature-  of  the  parent  rock  and  the  circumstances  of  its  formation. 

AWnxdartt  Wakr  Act  Hon,  Tne  ice  action  is  ni-ver  free  from  the 
attendant  agency  of  water,  derived  from  the  melting  of  the  ice  dur- 
ing the  warm  seas*>n,  and  probably  also  to  some  extent  from  the 
heat  of  friction,  and  conduction  from  the  earth's  interior  under  the 
<leepf-'r  portions ;  for  not  only  do  streams  flow  from  glaciers  during 
summer,  but  at  all  seasons  of  the  year.  This  is  true  of  Arctic 
glaciers  as  well  as  Alpine,  and  it  is  doubtful  if  this  can  be  satisfac- 
torilv  accounted  for  by  summer  waters  retained  in  basms  or  embav- 
ments  Ix^-neath  the  ice,  or  from  springs,  which  is  essentially  the  same 
thing  in  Arctic  regions  where  the  whole  surface  is  covered  with  a 
glacier. 

These  waters  work  upon  the  material  not  only  along  the  margin 
of  the  glacier,  but  in  channels  beneath  it,  assorting  and  stratifying 
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it,  giving  rise  to  beds  of  gravel,  sand,  and  laminated  clay,  according 
to  the  force  of  the  current.  When  the  surface  beneath  the  glacier 
is  comparatively  level,  the  sub-glacial  streams  are  liable  to  constantly 
change  their  courses,  and  the  advancing  ice  may  over-ride  their 
abandoned  channels,  incorporating  their  stratified  deposits  in  the 
true  glacial  deposit.  Stratified  deposits  may  likewise  be  formed  in 
pools  that  gather  along  the  melting  edge  of  the  ice,  and  by  subse- 
quent advance  of  the  glacier,  may  become  involved  in  the  common 
deposit.  Repeated  advances  and  retreats  of  the  ice-margin,  due  to 
secular  changes,  may  likewise  produce  rude  stratification  in  the 
glacial  deposits. 

The  assorted  and  stratified  drift  produced  by  glacial  waters  is 
obviously  contemporaneous  with  the  glacial  deposit  itself,  taken  as 
a  whole,  and,  while  a  true  modified  drift,  it  is  to  be  distinguished 
from  those  modifications  of  the  drift  which  are  due  to  subsequent 
aqueous  agencies,  not  in  any  way  directly  connected  with  glacial 
action.  These  two  classes  are  often  confounded  under  the  term 
Modified  Drift. 

It  will  be  readily  deduced  from  the  foregoing  considerations,  that 
the  work  of  a  glacier  is  of  a  nature  altogether  peculiar  and  distinct- 
ive, and  that,  where  satisfactorily  exhibited  and  critically  studied, 
it  ought  to  be  discernible  by  indices  that  are  unmistakable.  The 
graving  of  the  underlying  rock  is  of  a  character  produced  by  no 
other  known  agency.  Other  agencies,  however,  produce  somewhat 
similar  markings,  but  they  are  clearly  distinguishable.  The  ground- 
ing of  icebergs  doubtle::^s  produces  scoring  and  abrasion  of  the  sub- 
jacent surface  (though  the  actual  observation  of  this  is  prevented, 
in  the  case  of  existing  icebergs,  by  the  submergence  of  their  bot- 
toms), but  it  is  manifest  that  the  gouging  of  an  iceberg,  moving  at 
an  appreciable  rate,  attended  almost  necessarily  by  rotation,  when 
brought  to  a  standstill,  would  be  markedly  different  from  that  of  a 
continually  flowing,  flexible  rasp.  The  action  of  ice-floes,  or 
fringing  ice,  driven  upon  the  beach  by  wind  and  tide,  produces 
scratching  and  polishing,  but  this  has  a  character  of  its  own,  and 
is  attended  by  other  characteristics  of  beach  action  which  sharply 
distinguish  it  from  true  glacial  striation.  In  local  and  exceptional 
instances,  sliding  earth-movements  abrade  and  scratch  the  surface, 
but  this  is  obviously  confined  to  peculiar  local  situations,  and  does 
not  produce  a  polishing  and  graving  that  ought  to  be  mistaken  for 
that  of  a  glacier. 

Unlike  these  or  other  striating  agencies,  glaciers  sometimes 
smoothly  polish  extensive  flat  areap,  giving  them  a  beautiful  glisten- 
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ing  surface  lined  with  long,  parallel  striations,  some  deep  and 
sharply  cut,  some  as  fine  and  delicately  traced  as  if  by  a  diamond 
point.  In  other  instances  they  polish  ascending  and  descending 
slopes  with  equal  beauty,  or  they  plane  and  groove  the  sides  of  pre- 
cipitous cliffs.  Striations  on  the  face  of  vertical  walls,  beside  being 
horizontal,  sometimes  incline  upward  and  sometimes  downward. 
Glaciers  sometimes  even  plane  and  grave  the  under  side  of  overhang- 
ing rock  in  a  way  that  could  only  be  done  by  a  substance  moulding 
itself  to  the  surface,  and  they  likewise  sometimes  polish  and  striate 
tlie  aides  of  crevices  in  the  face  of  vertical  walls.  They  so  com- 
monly plane  and  polish  all  sides  of  a  projecting  dome  or  boss  of 
rock,  that  the  distinctive  name  roches  montounees  (sheep's  back)  has 
been  applied  to  them.  They  score  hill-tops  and  adjacent  valley  bot- 
toms separated  in  altitude,  hundreds,  and  in  mountainous  districts, 
even  thousands  of  feet.  In  short,  they  do  a  work  that,  if  seen  in 
its  entirety,  is  absolutely  referable  to  no  other  known  agenfty.  Add 
to  this  the  local  nature  of  the  transportation,  and  all  the  peculiari- 
ties of  direction  and  of  changes  of  altitude  involved  in  the  transfer, 
the  method  in  which  the  debris  is  spread  or  heaped,  the  existence  of 
terminal  moraines,  and  all  the  multitudinous  details  relating  to  the 
origin  and  distribution  of  the  material,  and  consider  the  combined 
testimAiy  of  the  whole,  and  the  character  of  the  agency  that  pro- 
duced the  results  ceases  to  be  a  matter  of  doubt  in  any  large  area 
favorably  situated  for  observation,  and  fully  and  critically  ex- 
amined. 

General  Direction  of  Ice  Movement,  Returning  from  this  digres- 
sion upon  the  character  and  method  of  glacial  action,  intended  to 
prepare  the  way  for  the  better  apprehension  of  the  following  facts, 
we  observe  that  the  striations  on  the  surface  of  the  rock,  no  less 
than  the  direction  from  which  the  material  has  been  borne,  shew 
that  the  great  ice-sheet,  as  a  Avhole,  moved  in  a  southerly  direction 
from  the  Canadian  highlands  to  the  limit  already  designated.  The 
prevailing  movement  in  the  interior  was  southwesterly,  while  that 
of  the  Atlantic  border  was  southeasterly.  Locally  there  were  many 
departures  from  these  general  directions.  It  seems  not  improbable 
that  the  fuller  investigations  of  the  future  will  show  that  the  great 
ice-sheet  was  lobate  in  marginal  outline,  and  that  the  separate  lobes 
had  generally  internal  divergent  motions  of  their  own,  such  as  have 
been  demonstrated  to  characterize  the  lobes  of  the  later  glacial  ad- 
vance. But  it  is  to  be  remarked  in  candor  that  the  special  details 
of  this  earliest  and  greatest  glacial  advance  are  relatively  meager. 
The  greater  portion  of  its  area  was  over-ridden  by  a  later  glacier, 
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which  obliterated  past  positive  identification  the  records  of  the 
earlier  period.  In  Wisconsin,  certain  features  of  the  movement, 
however,  are  quite  clearly  discernible. 

Calling  to  mind  the  pre-glacial  topography  of  the  State,  it  will  be 
remembered  (1)  that  the  northern  part,  including  the  adjacent  por- 
tion of  the  Upper  Peninsula  of  Michigan,  rose  to  a  considerable  alti- 
tude above  the  surrounding  regions,  (2)  that  there  lay  on  the  north 
of  these  heights  the  valley  of  Lake  Superior,  presumably  not  as  broad 
and  deep  as  now,  but  yet  a  great  valley  pointing  south  westward, 
and  continued  by  relatively  low  lands  in  that  direction,  (3)  that  there 
lay  upon  the  east  the  valley,  even  then  of  great  extent,  wherein  now 
lies  Lake  Michigan. 

Courses  of  the  Ice  Streams.  The  ice-sheet,  flowing  slowly  down 
from  the  north  and  northeast,  was  led  away  to  the  southwest  by 
the  Superior  valley,  and  to  the  southward  by  the  Michigan  valley, 
while  the  northern  heights,  standing  between  the  two,  resisted  the 
current  and  assisted  in  diverting  it  on  either  hand.  These  great 
glacial  streams  in  passing  down  these  valleys  excavated  them  more 
deeply.  They  here  did  their  greatest  erosive  work,  because  of  the 
exceptional  depth  and  strength  of  their  flow,  and  because  of  their 
downward  direction  in  entering  the  valleys.  The  northern  portions  of 
the  basins  of  Lake  Michigan,  Lake  Superior  and  Lake  Huron,  are 
all  deeper  than  the  southern,  and  the  eastern  portions  of  Lakes  Erie 
and  Ontario,  than  the  western,  or,  in  other  words,  the  extremity 
which  the  glacier  first  invaded  and  last  left  is  most  deeply  excavated. 

The  Driftless  Area,  The  combined  capacity  of  these  great  val- 
leys in  leading  away  the  advancing  ice,  aided  by  the  diverting  in- 
fluence of  the  highlands,  protected  all  but  the  eastern  and  northern 
margins  of  the  State  from  powerful  glacial  action.  A  large  area  in 
the  southwestern  portion  bears  no  evidence  of  having  suffered  glaci- 
ation,  and  hence  has  been  designated  the  Driftless  Area.  This 
area,  which  includes  a  narrow  strip  on  the  west  side  of  the  Missis- 
sippi in  Iowa  and  Minnesota,  and  a  portion  on  the  east  side  in  north- 
western Illinois,  will  be  found  outlined  on  the  accompanying  map, 
plate  IX.  By  inspection  it  will  be  observed  that  it  does  not  occupy 
a  highland  area,  but  rather  the  opposite,  and  on  the  other  hand  it  is' 
q  lite  as  remarkable  that  the  highland  area  lying  northeast  of  it  — 
the  direction  whence  the  glacial  stream  came  —  is  covered  by  drift, 
and,  in  its  upper  portion,  heavily  so.  The  ice,  therefore,  mounted 
the  highlands  and  descended  the  southerly  slope  to  the  central  part 
of  the  State  —  a  distance  of  100  miles,  roundly  speaking  —  and 
terminated  on  the  southern  slope. 
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By  extending  our  view  beyond  the  State,  it  will  be  found  that  on 
the  east  glaciation  prevailed  uninterraptedly  to  the  Atlantic,  and 
that  on  the  west  a  stream  considerably  more  than  300  miles  wide 
passed  southward.  The  currents  that  passed  by  on  either  hand 
converged  in  southern  Iowa  and  northern  Illinois,  and  joined  near 
the  mouth  of  Kock  river,  and  from  thence  onward  appear  to  have 
been  confluent. 

A  partially  separated  ice-stream  came  across  the  Wisconsin  high- 
lands, being  parted  from  the  others  perhaps  by  Keweenaw  Point, 
and  the  Huron  mountains,  acting  as  a  barrier,  and  the  Keweenaw 
Bay  valley  as  a  channel.  This  stream  passed  the  highlands  and 
descended  the  southern  slope  nearly  to  the  center  of  the  State.  But 
because  of  its  relative  thinness  and  the  breadth  of  the  southern 
slope  on  which  it  spread  itself  —  resulting  in  feebler  motion  —  to- 
gether with  its  favorable  attitude  for  melting  and  for  receiving  the  in- 
fluences, springing  from  the  relatively  dry  and  heated  Driftless  Area 
south  of  it,  it  appears  to  have  been  consumed  by  the  time  it  reached 
an  extension  of  100  miles,  and  hence  failed  to  overwhelm  the  region 
south  of  it.  The  streams  on  either  hand  were  carried  southward  by 
their  respective  valleys,  and  did  not  converge  soon  enough  to  over- 
spread the  Driftless  Area.  It,  therefore,  escaped,  fortunately,  and 
stands  as  a  remnant  of  pre-glacial  topography,  invaluable  as  a 
standard  of  comparison  for  the  estimate  of  the  effects  of  glaciation.* 

These  general  facts  with  reference  to  the  earlier  glacial  move- 
ments seem  suflBciently  sustained  by  the  evidence  now  at  command ; 
but  from  the  fact  that  nearly  the  whole  of  our  glaciated  territory 
was  overspread  by  the  advance  of  a  later  ice-sheet,  we  know  com- 
paratively little  of  the  details,  either  of  the  movement  or  its  de- 
posits. Resting,  therefore,  with  this  general  sketch,  we  may  pass 
on  to  the  subsequent  history  which  will  bring  forth  the  essential 
details  of  the  age,  and  of  its  remarkable  agency. 

Retreat  of  the  Ice.  After  occupying  the  advanced  position  to 
which  it  had  attained  for  a  period  whose  duration  is  not  known, 
but  which  was  probably  relatively  brief,  since  the  deposits  thin  out 
on  the  margin,  instead  of  being  accumulated  in  a  vast  terminal  mo- 
raine, as  might  have  been  expected  if  it  stood  at  its  maximum  limit 
for  any  long  period,  the  ice  began  to  retreat.  The  young  student 
will  understand  that  the  ice  continued  its  onward  flow,  but  was 

1  For  a  fuller  discussion  of  the  subject  of  the  Driftless  Area,  see  Annual  Report 
of  Wis.  Geol.  Surv.,  pp.  21-32.  See  also  the  earlier  discussions  by  Winchell, 
Annual  Rep  art,  Nat.  Hiat.  Survey  of  Minn.,  p.  35  et  seq.;  Irving,  Wis.  Oeol. 
Survey,  Vol.  II,  pp.  G32-3;  Dana,  Am.  Jour.  Sci.,  April,  1878,  p.  250  et  eeq. 
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melted  back  faster  than  it  advanced.  How  far  to  the  north  this 
retreat  carried  the  margin  has  not  yet  been  ascertained,  but  the 
growing  tendency  of  the  gathering  evidence  is  to  throw  it  farther 
and  farther  back,  and  it  is  thought  to  be  quite  safe  to  believe  that 
it  withdrew  entirely  from  our  territory,  if  not  from  the  Canadian 
highland. 

Interglaoial  Intebval. 

It  is  difficult  to  measure  trustworthily  the  interval  that  ensued 
between  this  retreat  and  the  advance  of  the  later  glacier.  Two 
lines  of  evidence  have  received  some  study  from  the  writer,  which 
lead  to  concordant,  though  perhaps  not  very  definite,  conclusions. 
One  of  them  relates  to  the  changes  in  the  relative  directions  of 
movement  in  the  two  great  glaciers,  and  the  differentiation  of  the 
glacial  lobes  which  fringed  the  later  one,  and  gave  it  a  characteristic 
contour.  This  work  of  the  readjustment  of  parts  and  movements 
is  thought  to  have  occupied  some  considerable  time,  if  it  does  not 
indicate  an  entirely  new  origin.  But  an  opinion  based  on  this  evi- 
dence should  be  held  very  lightly,  for  among  the  Alpine  glaciers  of 
recent  times,  relative  changes  of  size,  and  of  rate  and  phase  of  mo- 
tion, take  place  contemporaneously,  and,  therefore,  it  is  not  impos- 
sible to  suppose  that  the  first  great  sheet  retreated  more  rapidly  in 
some  areas  than  in  others,  and  suffered  division  of  its  margin  into 
lobes,  which,  when  it  readvanced,  took  the  observed  forms  and 
directions. 

The  other  line  of  investigation  is  based  upon  a  comparison  of  the 
relative  amounts  of  erosion  which  contiguous  areas  of  the  earlier 
and  the  later  drifts  have  suffered.  From  repeated  estimates  based 
on  such  comparisons  made  at  many  different  points  over  consider- 
able portions  of  the  glaciated  area  of  the  Interior,  the  impression 
gained  is,  that  the  amount  of  erosion  suffered  by  the  older  glaciated 
surfaces  is  at  least  twice  that  of  the  newer;  or,  in  other  words,  that 
the  time  between  the  first  and  second  glaciation,  estimated  by  the 
erosion-measure,  was  fully  equal  to  the  time  that  has  elapsed  since 
the  latter.  The  subject  is  still  under  investigation,  and  this  judg- 
ment is  expressed  subject  to  modification  in  the  light  of  further 
evidence.  But  the  general  conclusion,  that  an  interval  of  some  con- 
siderable magnitude  intervened,  seems  clearly  indicated. 

Seooih)  Glacial  Epoch. 

Note. —  In  the  descriptive  Tolumes  of  this  report,  two  distinct  glacial  periods 
are  not  f ormallj  stated,  although  the  fact  of  a  second  advance,  with  an  interven- 
ing interval,  is  indicated.  This  was  due  partly  to  the  fact  that  investigations 
were  still  in  progress,  which  made  it  injudicious  to  prejudge  results  by  broad 
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conclusions,  in  advance  of  the  fullest  available  data,  and  partly  to  the  fact  that 
the  existence  of  two  such  periods  had  not  been  generally  recognized  by  American 
geologists,  although  the  doctrine  of  separate  glacial  periods  had  been  entertained 
by  several  in  this  country,  following  the  lead  of  the  Scotch  school.  The  only 
American  evidence  then  adduced,  aside  from  theoretical  presumptions,  consisted 
of  supposed  superpositions  of  newer  upon  older  till,  separated  by  supposed  inter- 
glacial  deposits — a  class  of  evidence  to  be  received  with  great  caution,  since 
temporary  oscillations,  or  the  shifting  of  sub-glacial  streams,  may  produce  strik- 
ingly analogous  phenomena.  Where  the  section  exposed  to  observation  chances 
to  be  parallel  to  the  glacial  margin,  or  the  course  of  a  sub-glacial  stream,  the 
phenomena  may  seem  to  be  much  more  prevalent  than  is  really  the  case.  A 
fiui;her  and  more  important  ground  of  doubt  arises  from  the  fact  that  certain 
8ub-aqueous  deposits  so  closely  resemble  true  Till,  that  they  have  been  mis- 
taken for  it,  and  there  is  perhaps  no  case  of  superposition  of  beds  supposed 
to  represent  two  glacial  periods  that  is  not  still  open  to  these  doubts.  Our  present 
firmness  of  conviction  arises  (1)  from  the  discovery  and  working  out  of  an  ex- 
tended moraine,  stretching  across  the  whole  of  the  glaciated  area,  and  belonging 
to  a  system  of  glacial  movements  which  differ  in  many  important  respects  from 
the  earlier  ones;  and  (2)  from  the  differences  of  surface  contour,  due  to  the 
greater  erosion  of  the  earlier,  as  already  indicated.  We  believe  that  this  line  of 
evidence,  when  developed  in  its  fullness,  will  prove  entirely  demonstrative. 
Only  a  small  part  of  the  results  now  gathered  fall  specifically  within  our  present 
province  as  chronicler  of  the  geological  history  of  Wisconsin,  but  the  total 
result  is,  in  some  important  measure,  the  outgrowth  of  investigations  begun  in 
this  State. 

When  the  ice  a  second  time  moved  down  upon  the  land,  it  found 
its  pathway  already  smoothed  by  the  preceding  glacier,  and  strewn 
with  its  debris.  The  later  ice  followed  the  great  channels  of  its 
predecessor,  though  with  some  important  variations  owing  to  the 
changed  conditions  of  the  two  epochs,  and  other  attendant  circum- 
stances. The  glacial  movements  in,  and  adjacent  to,  AVisconsin, 
were  of  the  following  remarkable  character: 

Lake  Michigan  Olacier.  A  great  ice  tongue  thrust  itself  down 
the  basin  of  Lake  Michigan,  taking  a  form  closely  similar  to  that 
of  the  lake,  but  broader  and  longer.  Its  western  .margin  is  now 
marked  by  the  Kettle  Eange,  extending  from  Kewaunee  county  south- 
ward, essentially  parallel  to  the  lake,  through  Manitowoc,  Sheboygan, 
Fond  du  Lac,  Washington,  Waukesha,  JeflFerson,  Walworth,  Racine 
and  Kenosha  counties,  into  Illinois,  sweeping  thence  around  the 
south  end  of  the  lake,  concentric  with  it,  and  northward  to  the 
northern  part  of  the  Lower  Peninsula  of  Micliigan,  being  joined  by 
the  marginal  moraine  of  a  similar  lobe  which  occupied  the  basin  of 
Lake  Huron  and  Sa^naw  Bay.  In  other  words,  it  had  essentially 
the  contour  of  Lake  Michigan  expanded  20  to  40  miles  on  each  side. 

Green  Bay  Glacier,  Another  tongue  of  ice  was  thrust  down 
alongside  this,  having  the  Green-Bay-Rock-River  valley  for  its  axial 
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channeL  It  expanded  eastward  until  it  came  into  contact  with  the 
Lake  Michigan  glacier,  and  on  the  western  side  until  it  reached  a 
little  beyond  the  center  of  the  State.  The  margin  of  this  glacier 
separated  from  that  of  the  Lake  Michigan  glacier  in  the  north- 
western part  of  Walworth  county,  and  thence  curved  westward 
across  Rock  river  to  the  northeastern  comer  of  Green  county,  thence 
swept  rapidly  to  the  northward,  passing  through  Dane,  Sauk, 
Adams,  Waushara,  Portage,  Waupaca  and  Shawano  counties,  and 
into  Lincoln,  where  it  joined  the  margin  of  a  third  glacial  stream, 
the  Keweenaw  or  Chippewa  Yalley  glacier. 

The  Chippewa  Valley  Olacicr.  This  came  over  the  highlands  ap- 
parently from  the  Keweenaw  Bay  valley,  and  descended  that  of  the 
Chippewa  river.  Its  margin,  starting  from  its  junction  with  the 
Green  Bay  glacier  in  Lincoln  county,  ran  southwesterly  through 
Taylor  into  Chippewa  county,  crossing  the  Chippewa  river  just  be- 
low the  great  bend.  Thence  it  curved  rapidly  northward  running 
near  the  line  between  Chippewa  and  Barron  counties,  beyond  which 
it  followed  the  water-shed  between  the  Chippewa  and  Numakagon 
rivers  to  the  vicinity  of  Lake  Superior. 

Lake  Superior  Olader.  In  this  latter  portion  the  glacier  just  do- 
scribed  lay  in  contact  with  a  greater  one  that  passed  southwesterly 
through  Lake  Superior  into  Minnesota.  The  eastern  margin  of  this 
separated  from  that  of  the  Chippewa  glacier  in  southeastern  Bur- 
nett county,  and  thence  ran  southwesterly  through  Barron,  Polk, 
and  St.  Croix  counties,  from  the  latter  of  which  it  passed  into  Min- 
nesota, swept  across  the  Mississippi  south  of  St.  Paul,  and  across 
the  Minnesota  south  of  Minneapolis,  and  thence  extended  onward 
to  the  northwest,  recurving  northward,  to  an  undetermined  dis- 
tance. 

The  relationship  of  these  glacial  lobes  to  the  great  valleys  is  con- 
spicuous. The  two  greater  ones  occupied  the  Great  Lake  basins, 
the  two  minor  ones,  the  bays  lying  between  them.  Of  the  latter 
the  Green  Bay  lobe  was  much  the  longer  and  more  important. 

A  similar  lobate  nature  characterized  the  glacial  margin  through- 
out the  whole  of  the  Great  Lake  region.^  A  lobe  extended  south- 
westward  from  Lake  Huron  through  Saginaw  Bay,  and  occupied  the 
central  part  of  the  Lower  Peninsula  of  Michigan.  Another  extended 
southwesterly  through  the  western  portion  of  Lake  Erie  basin,  across 
northwestern  Ohio  and  southeastern  Michigan,  into  Indiana,  having 

1  On  the  Extent  and  Significance  of  the  Kettle  Moraine,  by  the  writer,  Wis. 
Acad,  of  Sci.    See  also  An.  Report  U.  S.  Geol.  Surv.,  1882. 
See  also  Natural  History  Survey  of  Minn.,  1880,  by  Warren  Upham. 
Vol,  1  —  18 
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its  axis  ia  the  Wabash  valley.  Less  conspicuous  lobes  are  thought 
to  have  occupied  the  Scioto  and  Grand  river  valleys  in  Ohio  and  the 
region  of  the  Finger  lakes  of  central  New  York.  On  the  west  a 
prolonged  lobe  extended  southward  into  central  Iowa.  A  similar 
one  occupied  the  James  river  valley  in  Dakota,  and  perhaps  others 
may  characterize  the  more  northwesterly  margin,  the  details  of 
which  are  as  yet  only  in  part  wrought  out. 

Internal  Ice  Movement  The  manner  of  movement  of  the  ice  in 
detail  within  each  of  these  glaciers  was  quite  extraordinary,  and, 
previous  to  its  determination  in  respect  to  the  Green  Bay  glacier, 
seems  to  have  been  unsuspected  as  an  attribute  of  glaciers  in  a  rela- 
tively plain  country.  The  precise  direction  of  drift  movement  may 
be  determined  (1)  by  the  markings  on  the  rock  surface,  (2)  by  the 
direction  in  which  the  material  has  been  transported,  (3)  by  the 
nature  of  the  abrasion  which  prominences  have  suffered,  (4)  by 
the  trend  of  elongated  domes  of  polished  rock,  (5)  by  a  linear  ar- 
rangement of  the  deposited  material,  and  occasionally  by  other 
means.  Exceptional  opportunities  for  the  positive  determination  of 
the  courses  pursued  in  Eastern  Wisconsin  are  afforded.  Rock  stria- 
tions  are  found  in  sufficient  frequency  to  be  in  themselves  quite 
decisive,  especially  as  their  situations  are  such  as  to  awaken  no  sus- 
picion of  special  local  deflection,  and  particularly  as  they  conform 
to  a  symmetrical  system.  But  in  addition  to  this  there  are  several 
isolated  knobs  of  Archaean  rock  protruding  through  Silurian  sand- 
stones and  limestones,  which  afford  peculiarly  convincing  evidence. 
These  have  suffered  forcible  abrasion  and  rounding  on  the  side  ex- 
posed to  the  advance  of  ice,  and  are  grooved  and  polished,  while 
trains  of  erratics  stretch  away  in  definite  lines  along  the  direction 
of  striation  on  the  parent  knob,  and  parallel  to  the  grooving  of  the 
surrounding  region.  The  bowlders  near  the  parent  rock  are  mainly 
large  and  moderately  scratched  and  worn.  As  they  are  traced 
away  in  the  distance  they  become  smaller,  more  scattered  and  more 
rounded. 

Again,  over  a  considerable  portion  of  the  region,  there  are  elon- 
gated elliptical  hills  and  linear  ridges,  interspersed  with  correspond- 
ingly elongated  valleys  and  marshes,  all  of  which  are  arranged  in 
lines  parallel  with  the  groovings  on  the  rock.  Many  minor  phenom- 
ena harmonize  with,  and  confirm  the  data  derived  from  these  sources. 
The  direction  of  movement  is,  therefore,  determined  beyond  ques- 
tion. 

In  the  case  of  the  Green  Bay  glacier,  where  the  evidence  is  most 
complete  and  positive,  it  appears  that  the  central  portion,  occupying 


QUATERNARY  AQK  275 

the  trough  of  the  valley,  moved  strictly  along  its  course,  ascending 
from  Green  Bay  through  Lake  Winnebago  to  the  water-shed  of  Rock 
river,  and  tten  descending  its  valley ;  that  on  the  west  side  of  the 
axis  the  course  rapidly  diverged  to  an  almost  due  westerly  direction 
in  the  northern  portion  of  the  lobe,  and  a  southwesterly  course  in 
varying  degrees  near  its  extremity.  On  the  eastern  side,  immediately 
after  surmounting  the  rock  escarpment  that  borders  the  valley,  the 
course  turned  to  the  southeastward,  toward  the  margin  of  the  lobe. 
AU  these  movements  took  place  without  regard  to  the  local  slope  of  the 
surfoAie.  Unifying  them  into  a  system,  it  appears  that  the  central 
movement  was  along  the  axis  of  the  lobe,  and  that  from  this  the 
flow  diverged  toward  the  margin  on  each  side,  and  immediately  next 
the  margin  was  nearly  at  right  angles  to  it. 

That  portion  of  the  Lake  Michigan  glacier  which  lay  within  Wis- 
consin conformed  strictly  to  this  law,  the  movement  being  from  the 
lake  up  the  slope  westerly  and  southwesterly  to  the  margin.  The 
same  system  of  movement  has  been  found  to  inhere  in  other  lobes, 
and  may  now  be  regarded  as  a  well  demonstrated  law  of  movement. 

The  Kettle  Moraine,  The  most  striking  result  of  the  second  glacial 
advance  was  the  production,  along  the  margin  of  the  ice  sheet,  of  a 
great  moraine,  the  most  gigantic  and  most  remarkable  yet  known  to 
characterize  glacial  action.  It  consists  of  a  great  ridged  belt  of  drift 
disposed  in  grand  loops  along  what  was  the  glacier's  margin.  Its 
re-entrant  angles  penetrated  deeply  between  the  adjoining  lobes, 
marking  their  line  of  contract.  That  portion  of  the  moraine  which 
lay  between,  and  was  formed  by  the  joint  action  of  the  Green  Bay 
and  Lake  Michigan  glaciers,  constitutes  a  succession  of  irregular  hills 
and  ridges,  locally  known  as  the  Kettle  Range,  from  the  peculiar  de- 
pressions which  characterize  it.  As  this  was  the  first  portion  to 
receive  systematic  investigation,  and  a  specific  determination  of  the 
true  nature  and  method  of  its  formation,  and  as  this  moraine  will 
need  a  specific  name  to  distinguish  it  from  other  similar  accumula- 
tions, the  term  Kettle  Moraine  may  fittingly  be  applied  to  it.' 

*  It  should  be  remarked  in  this  connection  that  there  are  two  or  more  concen- 
tric moraines,  constituting  a  belt,  rather  than  a  single  moraine.  These  are  often 
forced  into  contact  and  confusion,  so  that  their  distinct  discrimination  is  imprac- 
ticable, while  at  other  points  they  are  quite  distinct,  and  separated  by  several 
miles  distance.  It  is  proposed  to  apply  the  name  Kettle  Moraine  to  the  outer- 
most member,  when  clearly  distinguishable,  and  to  extend  its  use,  or  that  of  the 
term  Kettle  Range,  to  the  entire  group  where  they  are  confused  so  as  to  be  in- 
distingidshable.  The  Kettle  Moraine,  therefore,  designates  the  morainic  ridge 
produced  by  the  extreme  advance  of  later  glaciation.  Names  for  the  inner  mo- 
raines are  not  here  proposed,  because,  although  distinguishable  in  Wisconsin,  as 
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Tnierldbate  Morahies,  This  ridged  belt  of  drift  is  a  true  terminal 
moraine,  formed  of  the  heterogeneous  material  accumulated  at  the 
margin  of  the  ice,  and  plowed  up  before  it  at  the  time  of  its  great- 
est advance.  Those  portions  that  lay  in  such  a  singular  way  be- 
tween two  adjacent  glacial  lobes  have  some  likeness  to  a  medial 
moraine,  but  are  not  such  in  any  proper  sense,  for  the  true  medial 
.  moraine  consists  of  superficial  matter  borne  passively  on  the 
surface  of  a  glacier,  having  been  formed  by  the  junction  of  lateral 
moraines  in  the  union  and  coalescence  of  two, glaciers,  which  then 
move  forward  as  one,  the  moraine  lying  longitudinally  to  the  glacier, 
and  parallel  to  its  motion.  But,  on  the  contrary,  the  intermediate 
portions  of  the  Kettle  Moraine  lie  along  the  face  of  two  approach- 
ing ice-sheets,  which  may  have  met  and  antagonized  each  other,  to 
some  extent,  but  did  not  coalesce,  and,  furthermore,  they  lie  trans- 
verse to  the  glacial  motion,  and  are  strictly  marginal,  and  are,  in  real 
nature,  terminal  moraines,  differing  from  other  portions  simply  in 
being  formed  by  two  glaciers  pushing  from  opposite  directions. 
We  propose  for  such  portions,  on  account  of  this  peculiarity,  the 
special  designation,  Interldbate  or  Intermediate  Moraines. 

Characteristics  of  tJie  Kettle  Moraine,  The  characteristics  of  the 
Kettle  Moraine  are  striking.  It  is  not  merely  a  simple  ridge  plowed 
up  by  the  smooth  edge  of  the  ice,  as  is  too  apt  to  be  the  mental 
image  of  a  terminal  moraine,  fashioned  after  the  similitude  of  lat- 
eral and  medial  Alpine  moraines,  but  it  consists  of  an  irregular 
assemblage  of  drift  hills  and  ridges,  forming  a  belt  usually  several 
miles  in  width.  It  is  probably  owing  to  this  width,  and  the  very 
massiveness  of  its  character,  that  it  so  long  escaped  general  recog- 
nition as  a  moraine. 

Its  Superficial  Aspect.  The  ^^KetHes.^^  The  superficial  aspect  of 
the  formation  is  that  of  an  irregular,  intricate  series  of  drift  ridges 
and  hills,  of  rapidly,  but  often  very  gracefully,  undulating  contour, 
consisting  of  rounded  domes,  conical  peaks,  winding,  and  occasion- 
ally geniculated  ridges,  short,  sharp  spurs,  mounds,  knolls  and  hum- 
mocks, promiscuously  arranged,  accompanied  by  corresponding 
depressions  that  are  even  more  striking  in  character.  These  depres- 
sions, which,  to  casual  observation,  constitute  the  most  peculiar  and 
obtrusive  feature  of  the  range,  and  give  rise  to  its  descriptive  name  in 

indicated  in  Vols.  II  and  III,  they  are  displayed  in  greater  distinctness  and  defi- 
nition elsewhere,  especially  in  Minnesota  and  Dakota,  from  some  of  the  char- 
acteristic localities  of  wliich  it  is  proper  that  fitting  names  should  be  selected, 
and  such  wiU  be  announced,  if  not  sooner  proposed,  in  connection  with  the  re- 
Bults  of  the  wider  studies  of  the  writer  upon  the  formation,  now  in  progress. 
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WiscoDBiD,  are  variously  known  as  "Potash  kettles,"  "  Pot  holes," 
"  Pots  and  kettles,"  "  Sinks,"  etc.  Those  that  have  most  arrested  pop- 
ular attention  are  circular  in  outline,  and  symmetrical  in  fonn,  not 
nnlike  the  homely  utensils  that  have  given  them  names.  Bu,t  it  is 
important  to  observe  that  the  most  of  these  depressions  are  not  so 
symmetrical  as  to  merit  the  application  of  these  terms.  Occasion- 
Fia  03 
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ally  they  approach  the  form  of  a  funnel,  or  of  an  inverted  bell, 
while  the  shallow  ones  are  mere  saucer-like  hollows,  and  others  are 
rudely  oval,  oblong,  elliptical,  or  are  extended  into  trough-like  or 
even  winding  hollows,  while  irregular  departures  from  all  these 
forms  are  most  common.  In  depth,  these  cavities  vary  from  the 
merest  indentation  of  the  surface  to  bowls  sixty  feet  or  more  deep, 
wliile  in  the  irregular  forms  the  descent  is  not  infrequently  one 
hundred  feet  or  more.  The  slope  of  the  sides  varies  greatly,  but  in 
the  deeper  ones  it  very  often  reaches  an  angle  of  30°  or  35"  with 
the  horizon,  or,  in  other  words,  is  about  as  steep  as  the  material  will 
lie.  In  horizontal  dimensions  those  that  are  popularly  recognized 
as  "kettles"  seldom  exceed  500  feet  in  diameter,  but,  structurally 
considered,  they  cannot  be  limited  to  this  dimension,  and  it  may  be 
difficult  to  assign  definite  limits  to  them.  One  of  the  peculiarities 
of  the  range  is  tlie  large  number  of  small  lakes,  without  inlet  or  out- 
let, that  dot  its  course.  Some  of  these  are  mere  ponds  of  water  at 
the  bottom  of  typical  kettles,  and  from  this  they  graduate  by  imper- 
ceptible degrees  into  lakes  two  or  three  miles  in  diameter.  These 
are  simply  kettles  on  a  large  scale. 

Hext  to  the  depressions  themselves,  the  most  striking  feature  of 
this  singular  formation  is  their  counterpart  in  the  form  of  rounded 
hills  and  hillocks,  that  may  not  inaptly  be  styled  inverted  kettles. 
These  give  to  the  surface  an  irregularity  sometimes  fittingly  desig- 
nated "  knobby  drift,"    The  trough-like,  winding  hollows  have  their 
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correlatives  in  Bharp,  serpentine  riciges.  The  combined  effect  of 
these  elevations  and  depressions  is  to  give  to  the  surface  an  entirely 
distinctive  character. 

These  features  may  be  regarded,  however,  as  subordinate  elements 
of  the  main  range,  since  these  hillocks  and  hollows  are  variously 
distributed  over  its  surface.  They  are  usually  most  abundant  upon 
the  more  abrupt  face  of  the  range,  but  occur  in  greater  or  less  num- 
ber on  all  sides  of  it,  and  in  various  situations.  Not  infrequently 
they  occur  distributed  over  comparatively  level  areas,  adjacent  to 
the  range.  Sometimes  the  kettles  prevail  in  the  valleys,  the  adja- 
cent ridges  being  free  from  them ;  and  again,  the  reverse  is  the  case, 
or  they  are  promiscuously  distributed  over  both.  These  facts  are 
important  in  considering  the  question  of  their  origin. 

Composite  Character  of  the  Ran^e.  The  range  itself  is  of  compos- 
ite character,  being  made  up  of  a  series  of  rudely  parallel  ridges, 
that  unite,  interlock,  separate,  appear  and  disappear  in  an  eccentric 
and  intricate  manner.  Several  of  these  subordinate  ridges  are  often 
clearly  discernible.  It  is  usually  between  the  component  ridges, 
and  occupying  depressions  evidently  caused  by  their  divergence, 
that  most  of  the  larger  lakes  associated  with  the  range  are  found. 
Ridges  running  across  the  trend  of  the  range,  as  well  as  transverse, 
spurs  extending  out  from  it,  are  not  uncommon  features.  The  com- 
ponent ridges  are  themselves  exceedingly  irregular  in  height  and 
breadth,  being  often  much  broken  and  interrupted. 

The  united  effect  of  all  the  foregoing  features  is  to  give  to  the 
formation  a  strikingly  irregular  and  complicated  aspect. 

Morainic  MaterUiL  The  material  of  the  moraine  embraces  all 
the  forms  of  material  common  to  drift.  This  topic,  which  is  one  of 
primary  importance  in  determining  the  origin  of  the  deposit,  really 
divides  itself  into  three  subordinate  ones,  all  of  which  need  dis- 
criminative attention :  (1)  the  form  of  the  constituents,  (2)  their 
arrangement  as  deposited,  and  (3)  their  source. 

(1)  PixBUiising  that  Kames,  and  those  de}X)sits  which  have  been 
associated  \vitli  them  in  the  literature  of  the  subject,  are  described 
as  comix>sed  mainly  of  sand  and  gravel,  it  is  to  be  remarked  in  dis- 
tinction that  aU  the  four  forms  of  material  common  to  drift,  viz. : 
clay,  sand,  gravel,  and  bowlders,  enter  largely  into  the  constitution 
of  the  Kettle  Range,  in  its  typical  development.  Of  these,  gravel 
is  the  most  consi>icuous  element  exj>osed  to  oljstjrvation.  This  qualifi- 
cation is  an  imix)rtant  one  in  forming  an  adequate  conception  of 
the  true  structure  of  the  formation.  It  is  to  be  noticed  that  the 
bolt  at  many  points  exhibits  two  distinct  formations.     The  upper- 
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most  —  hut  not  occupying  the  heu/fUs  of  the  range  —  consists  almost 
wholly  of  sand  and  gravel,  and  lies  like  an  irregular,  undulating 
sheet  over  portions  of  the  true  original  deposit.  This  superficial 
formation  is  confined  mainly  to  the  slopes  and  flanks  of  the  range, 
and  to  depressed  tireas  between  its  constituent  ridges;  though, 
when  the  whole  belt  is  low,  it  often  spreads  extensively  over  it,  so 
as  sometimes  to  be  quite  deceptive.  But,  where  the  range  is  devel- 
oped in  force,  this  superficial  deposit  is  so  limited  and  interrupted 
as  to  be  quite  insignificant,  and  not  at  all  misleading;  and,  at  some 
points,  where  it  is  more  widely  developed,  excavations  reveal  un- 
equivocally its  relationship  to  the  subjacent  accumulations.  In  such 
cases,  the  lower  formation  shows  a  more  uneven  surface  than  the 
upper  one,  indicating  that  the  effect  of  the  latter  is  to  mask  the 
irregular  contour  of  the  lower  and  main  formation.  Notwithstand- 
ing this,  the  upper  sands  and  gravels  are  often  undulatory,  ttnd  even 
strongly  billowy,  and  the  bowls  and  basins  in  it  commonly  have 
more  than  usual  symmetry.  A  not  uncommon  arrangement  of  this 
stratum  is  found  in  an  undulating  margin  on  the  flank  of  a  ridg:5  of 
the  main  formation,  from  which  it  stretches  away  into  a  sand  flat 
or  a  gravel  plain. 

Setting  aside  this,  which  is  manifestly  a  secondary  formation,  it 
is  still  true  that  gravel  forms  a  large  constituent  of  the  formation. 
Some  of  the  minor  knolls  and  ridges  are  almost  wholly  composed  of 
sand  and  gravel,  the  elements  of  which  are  usually  very  irregular 
in  size,  frequently  including  many  bowlders.  But  notwithstanding 
these  qualifications,  the  great  core  of  the  range^  as  shown  by  the 
deeper  excavations,  and  by  the  prominent  hills  and  ridges  that  have 
not  been  masked  by  superficial  modifications,  consists  of  a  confused 
commingling  of  clay^  sand^  gravely  and  howlders^  of  the  most  pro- 
nounced type.  There  is  every  gradation  of  material  from  bowlders 
several  feet  in  diameter,  down  to  the  finest  rock  flour.  The  erratics 
present  all  degrees  of  angularity,  from  those  which  are  scarcely 
abraded  at  all,  to  thoroughly  rounded  bowlders.  The  cobble-stones 
are  spherically  rounded,  rather  than  flat,  as  is  common  with  beach 
gravel,  where  the  attrition  is  produced  largely  by  sliding,  rather 
than  rolling. 

(2)  Stratification.  As  indicated  above,  the  heart  of  the  range  is 
essentially  unstratified.  There  is,  however,  much  stratified  material 
intimately  associated  with  it,  a  part  of  which,  if  my  discriminations 
are  correct,  was  formed  simultaneously  with  the  production  of  the 
unstratified  portion,  and  the  rest  is  due  to  subsequent  modification. 
The  local  overlying  beds,  previously  mentioned,  are  obviously  strati- 
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fied,  the  bedding  lines  being  often  inclined,  rather  than  horizontal, 
and  frequently  discordant,  undolatorj  or  irr^olar. 

(3)  Source  of  the  Material.  This,  so  far  as  the  range  in  Wisconsin 
is  concerned,  admits  of  the  most  nneqaivocal  demonstration*  The 
large  amount  of  coarse  rock  present  renders  identification  easy,  and 
the  average  abrasion  that  has  been  suffered  indicates,  measurably, 
the  relative  distance  that  has  been  traveled.  The  range  winds 
over  the  rock  formations  in  a  peculiar  manner,  so  as  to  furnish  fine 
opportunities  for  decisive  investigation.  Of  the  many  details  col- 
lected, there  is  room  here  for  a  single  case  only.  The  Green  Bay 
loop  of  the  range  surrounds-  on  all  sides,  save  the  north,  several 
scattered  knobs  of  quartzite,  porphyry,  and  granite,  that  protrude 
through  the  prevailing  limestones  and  sandstones  of  the  region. 
These  make  their  several  contributions  to  the  material  of  the  range, 
hut  only  to  a  limited  section  of  itj  and  that^  invariahly^  in  the  direc- 
tion of  glacial  striation.  Any  given  segment  of  the  range  shows  a 
notable  proportion  of  material  derived  from  the  formation  adjacent 
to  it,  in  the  direction  of  striation ;  and  a  less  proix)rtion,  generally 
speaking,  from  the  succeeding  formations  that  lie  beyond  it,  back- 
ward along  the  line  of  glacial  movement  for  three  hundred  miles  or 
more.  It  is  undeniable  that  the  agency  which  produced  the  range 
gathered  its  material  all  along  its  course  for  at  least  three  hundred 
miles  to  the  northward,  and  its  largest  accumulations  were  in  the 
immediate  vicinity  of  the  deposit.  For  this  reason,  as  the  range  is 
traced  along  its  course,  its  material  is  found  to  change,  both  litho- 
logically  and  physically,  corresponding  to  the  formations  from  which 
it  was  derived. 

Topographical  lidalions.  The  location  of  this  remarkable  mo- 
raine, we  have  already  indicated  in  outlining  the  ice-lobes  that 
formed  it.  It  will  be  observed  bv  notinor  its  relations  to  river  vallevs 
and  water-sheds,  and  more  especially  by  comparison  with  the  topo- 
graphical map  of  the  Survey  atlas,  that  its  loops  are  distributed  over 
the  State  in  apparent  disregard  of  local  diversities  of  surface.  It 
undulates  over  the  face  of  the  country,  varying  in  its  vertical  oscil- 
lations at  least  800  feet.  In  some  portions  it  occupies  water  part- 
ings, in  others  lies  on  sloj^es,  and  in  still  others  stretches  across 
valleys.  It  is  incredible,  therefore,  that  it  could  have  been  formed  by 
any  such  agency  as  beach  action,  shore-ice,  or  the  stranding  of  ice- 
bergs, for  its  want  of  horizontality  and  its  peculiar  attitude  on 
slopes  make  the  action  of  such  agencies  impossible,  and  no  sup- 
])osable  warping  of  the  crust  could  bring  it  into  the  proper  atti- 
tude. 
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Mode  of  Formation.  When  the  foregoing  characteristics  and 
relations  are  studiously  considered,  with  all  the  multitudinous  details 
that  cannot  here  find  place,  there  seems  no  escape  from  the  convic- 
tion already  expressed,  that  this  is  a  great  moraine,  formed  along 
the  sinuous  margin  of  a  lobate  glacier. 

The  structure  of  the  range  indicates  an  alternating  retreat  and 
advance  of  the  ice  mass.  During  the  former,  drift  material  accu- 
mulated at  the  foot  of  the  melting  mass,  which,  when  the  glacier 
advanced,  was  plowed  up  into  massive  ridges.  Eepeated  oscillations 
gave  rise  to  parallel  ridges,  and  the  irregularities  incident  to  ad- 
vance and  retreat  explain  the  complexity  of  the  range.  Where  later 
advances  were  equal  to  the  earlier  ones,  the  accumulations  of  drift 
material  were  forced  into  a  single  great  ridge.  Where  any  advance 
failed  to  equal  a  former  one,  there  was  an  interval  between  the  ac- 
cumulations of  the  two,  and  a  depression  resulted,  whose  form 
depended  on  the  relations  of  the  two  accumulations,  but  was  usually 
more  or  less  trough-like  in  nature.  This  was  the  origin  of  at  least 
a  portion  of  the  characteristic  winding,  serpentine  hollows.  Where 
tongues  of  ice  were  thrust  into  the  accumulated  material,  a  jagged, 
broken  outline  resulted.  If  masses  of  ice  became  incorporated  in 
the  drift,  as  Col.  Whittlesey  has  suggested,^  their  melting  gave  rise 
to  depressions,  and  this  is  probably  the  origin  of  some  of  the 
"  Kettles  "  that  characterize  the  moraine.  The  greater  number  of 
them,  however,  were  probably  due  to  the  irregularities  of  the  glacial 
edge,  and  the  inequalities  in  the  amount  of  drift  material  acted 
upon  —  an  explanation  which  applies  at  the  same  time  to  the  irregu- 
lar hills  and  mounds  which  are  inseparably  associated  with  the  de- 
pressions in  cause,  as  well  as  position  and  contour.  Certain  of  the 
hollows  may  be  due  to  under-drainage,  through  the  action  of  strong 
underground  streams  that  occasionally  flow,  as  full  brooklets,  from 
the  base  of  the  moraine. 

Effects  of  Co7itemporaneou8  Draiiuige  on  the  Moraine.  The  volu- 
minous drainage  of  the  glacier,  when  it  was  in  its  advanced  stages, 
])ushing  against  the  debris  in  front  of  it,  was  probably  quite  general 
and  promiscuous,  over  the  moraine^  and  this  assorted  much  of  the 
material,  and  gave  rise  to  stratified  sands  and  gravel,  and  the  other 
evidences  of  water  action  which  characterize  the  formation.  The 
changing  attitudes  of  the  material,  as  it  was  forced  along,  would,  it 
is  thought,  give  peculiar  opportunities  for  the  washing  out  of  the 

1  Smithsonian  Contributions  to  Knowledge;  Fresh- Water  Glacial  Drift,  of  the 
N.  W.  States,  by  Chas.  Whittlesey,  p.  5. 
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finer  material,  and  the  rounding  of  the  coarser,  resulting  in  the  pre- 
ponderance of  gravel  so  often  observed. 

Drmnage  Gaps  and  Plains.  The  moraine  is  frequently  cut  across 
by  gaps,  attended  on  the  outside  by  plains,  and  long  streams  of 
gravel  and  sand,  which  represent  the  more  important  points  of  dis- 
charge of  the  glacial  floods. 

Associated  Lakes.  The  formation  and  burstmg  of  lakes,  due  to 
temporary  retreats  and  advances  of  the  ice-foot,  was  very  likely  a 
common  phenomenon,  and  gave  an  unusual  phase  to  torrential  action. 
Some  of  the  minor  ridges,  mounds  and  depressions  may  owe  their 
origin  to  such  a  cause. 

When  the  surface  about  the  margin  of  the  glacier  was  low,  lake- 
like expansions  of  water  gave  opportunity  for  silt  deposits,  which 
frequently  fringe  the  range. 

In  these  various  ways,  and  perhaps  others  unrecognized,  the  glacial 
waters  wrought  their  own  peculiar  work  upon  the  moraine,  to 
an  extent  scarcely  less  important  than  that  of  the  mechanical  action 
of  the  ice  itself. 

Glacial  Oscillations.  Secondary  Moraines.  The  oscillations  re- 
ferred to  in  the  preceding  paragraph  are  regarded  as  being  only 
those  relatively  slight  changes  in  the  elongation  of  the  glacier,  which 
arose  from  periodic  variations  of  seasonal  temi)erature  and  precipi- 
tation. There  were,  however,  greater  oscillations  attendant  upon 
the  final  retreat  of  the  ice.  After  it  had  melted  backward  from  its 
outer  moraine  a  considerable  distance,  it  again  advanced  and  formed 
a  second  moraine  within  the  first.  In  some  parts  this  second  advance 
reached  nearly  or  quite  to  the  position  of  the  first,  and  the  two 
moraines  were  commingled  so  as  not  to  be  readily  separable;  but  in 
other  portions  it  failed  by  several  miles  to  reach  the  former  position, 
and  so  left  a  distinct  moraine  Avithin  the  outer  one,  separated  from 
it  by  a  comparatively  level  surface. 

By  a  still  later  advance,  a  third  and  usually  quite  inferior  line 
was  formed,  not  everywhere,  however,  now  distinguishable.  Still 
farther  within,  marking  still  later  stages  of  i*etreat,  are  local  mo- 
rainic  ridges,  or  feeble  indications  of  later  halts  and  advances,  that 
have  not  as  yet  been  fully  traced  out.  It  is  not  improbable  that 
sufliciently  critical  search  would  make  it  ])ossible  to  map  the  mar- 
gin of  the  retreating  icelobes  at  several  successive  stages,  as  it 
withdrew,  under  the  influence  of  a  progressive  amelioration  of  the 
climate. 

Present  researches  do  not  indicate  any  encroachment  of  glacial 
ice  subsequent  to  the  retreat  now  sketched. 
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The  Ground  Moraine.  Till.  In  its  retreat,  the  glacier  left  spread 
out  over  the  surface  of  the  country,  in  an  irregular  sheet,  the  rock 
ruhbiah  rasped  from  the  surface  over  which  it  had  passed.  This 
constituted  the  ground  moraine  of  the  glacier  —  its  most  important 
product.  It  embraces  a  mixture  of  miterial  derived  all  along  the 
pathway  of  the  glacier  for  several  hundred  miles  northward,  the 
largest  proportion  being  from  the  immediate  vicinity  of  the  deposit, 

MammiUary  SiUa.  This  material,  while  spread  as  a  rude  irregu- 
lar sheet  over  the  abandoned  surface,  nevertheless  presents  some 


peculiar  tendencies  to  aggregation  that  deserve  passing  notica  A 
special  tendency  is  observed  over  certain  considerable  areas  lying 
not  for  distant  from  the  Kettle  Moraine,  to  acoumulate  in  mammil- 
lary  or  elliptical  or  elongated  hills,  of  smooth,  flowing  outline  (the 
"Lenticular  hilla"  of  Hitchcoclt).  These  are  arranged  in  lines,  and 
their  longer  axes  invariably  lie  parallel  to  the  movement  of  the  ice. 
In  some  localities,  especially  in  Dodge  and  Jefferson  counties,  these 
are  mainly  replaced  by  long  parallel  ridges,  sometimes  several  miles 
in  length,  with  corresponding  Unear  marshes  interspersed.  These 
correspond  accurately  to  the  direction  of  ice  motion.  They  usually 
have  the  same  composition  as  the  prevailing  sheet  of  till  with  which 
they  coalesce,  and  of  which  they  are  to  be  regarded  as  but  local 
aggregations. 

Efect  of  the  Glacial  Accumulatiotis  an  Drainage.  The  drift  deposit 
blocked  up  many  of  the  t)ld  valleys,  destroying  the  ancient  drain- 
age lines,  and  b}'  its  own  irregularities  presented  a  new  and  peculiar 
surface,  formed  in  disregard  of  drainage  demands.  On  its  irregulari- 
ties of  surface,  waters  collected,  giving  rise  to  the  numerous  lakes  that 
characterize  the  area.  The  Kettle  Moraine  accurately  maiks  the 
limit  between  the  lake-bearing  and  the  lakeless  areas.     On  the  out- 


234  GENERAL  GEOLOGY. 

eide  (southern  side),  well-established  drainage  systems  prevail,  while 
within,  there  are  in  Wisconsin  2,000  or  more  lakes,  great  and  smull, 
and  many  more  marshes,  which  represent  extinct  lakes,  that  were 
filled  at  the  close  of  the  glacial  period,  and  which  swelled  the  total 
number  to  many  thousands.  From  the  retreat  of  the  glacier  to  the  ■ 
present  time,  drainage  erosion  has  been  engage<l  in  cutting  down  the 
lips  of  the  lakelets,  establishing  new  channels,  and  perfecting  new 
nver  systems,  which,  if  unobstructed  by  human  agentie^  will  in 
time,  doubtless,  dram  all  the  lakes,  and  restore  the  re^'ion  to  its 
former  laktleas  condition. 

Fia  S8. 


YalUy  Drift.  Some  interesting  modifications  of  the  drainage 
systems  took  place  during  the  glacial  epoch,  that  deserve  passing 
notice.  When  the  ice  of  the  last  period  was  in  its  most  advanced 
stage,  its  watei-s  gave  peculiar  size  and  importance  to  such  streams 
as  were  situated  so  as  to  become  the  great  channels  of  its  discharge. 
The  Lake  Micliigan  glacier  ])oured  most  of  its  watere  southward  in 
a  broa<l  sheet  over  the  Illinois  plains,  and  later,  through  the  valley  of 
the  Illinois  river.  The  Green  Bay  glacier  discharged  largely 
through  the  Rock  river  -valley,  tilling  up  its  old  channel  to  a  depth 
of  350  feet  (including  the  debris  left  by  the  earlier  glacier),  with  a 
deposit  of  finely  assorted  sand  and  gravel,  iiroducing  a  beautiful 
level  plain  three  to  five  miles  wide,  and  extending  forty  miles  or 
more  southward  from  the  moraine,  A  considerable  discharge  from 
the  west  side  of  the  glacier  passed  down  the  Sugar  river  and  spread 
over  its  valley  a  sand  plain  of  eipal  extent.  From  the  Madison  lake 
region  there  was  a  discharge  westward  into  the  Wisconsin  river. 

By  reference  to  the  map  it  will  be  seen  that  the  western  margin 
of  the  glacier  lay  across  what  is  now  the  great  bend  of  the  Wiscon- 
sin river,  presenting  a  barrier  to  the  passage  of  waters  through  that 
channel.  But  this  does  not  seem  to  have  been  the  coui-se  of  the 
river  in  pre-glacial  times.    It  appears,  instead  of  making  this  detour 
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to  the  eastward,  to  have  then  kept  on  southward  across  the  Baraboo 
ranges,  entering  the  lower  narrows  of  the  Baraboo  river,  and  find- 
ing exit  through  the  gorge  at  Devil's  Lake,  which  is  regarded  as  an 
old  river  canon.  This  course,  the  glacier  blocked  up  by  the  massive 
morainal  ridge  which  is  now  seen  just  east  of  Devil's  Lake,  and  by 
the  lesser  drift  ridges  north  of  the  lake.  To  these  it  owes  its  exist- 
ence. The  waters  of  the  whole  of  the  Upper  Wisconsin  valley 
were,  therefore,  shut  off  from  their  accustomed  channels  of  dis- 
charge, and  so  collected  in  a  large  lake  occupying  the  plains  of 
Juneau,  Adams,  Wood  and  Jackson  counties,  until  they  rose  to  the 
water-shed  between  the  Wisconsin  and  Black  river  valleys,  where 
they  found  an  avenue  of  exit  through  the  Bla<5k  river,  the  flood 
plains  and  high  gravel  terraces  of  which  testify  to  the  former  great 
discharge  through  its  channel.  That  portion  of  the  glacier  which 
lay  across  the  Lower  Wisconsin  valley  of  course  discharged  its  waters 
down  that  channel,  giving  rise  to  gravel  terraces,  remnants  of  which 
still  bear  witness  to  the  fact. 

The  Chippewa  Valley  glacier  gave  origin  to  a  large  river 
sweeping  down  the  channel  of  the  Chippewa  river,  and  spreading 
out  a  broad,  deep,  valley-deposit,  which  has  since  been  deeply  ter- 
raced. The  St.  Croix  valley  was  one  of  the  avenues  of  discharge 
for  the  Lake  Superior  glacier,  as  its  broad  capacious  channel  and 
great  gravel  deposits  show.  The  Mississippi  led  away  other  por- 
tions of  this  glacier's  floods,  derived  from  the  Minnesota  region. 
The  courses  of  all  these  streams  below  the  Kettle  Moraine  are 
marked  by  great  breadth  and  capacity,  and  contain  remnant  por- 
tions and  usually  great  deposits  of  the  drift  gravels  borne  down  by 
the  glacial  waters.  There  results,  hence,  the  interesting  fact  that  all 
those  streams  which  arise  in  the  drift-bearing  area,  and  subsequently 
cross  the  Driftless  Area,  are  marked  by  high  terraces  of  drift  gravels 
which  they  have  borne  down  and  deposited  along  their  courses,  while 
those  streams  which  lie  wholly  within  the  Driftless  Area  are  devoid 
of  these  characteristics. 

Along  the  immediate  margin  of  the  glacier,  there  were  many 
minor  streams,  now  extinct  or  insignificant,  pouring  forth  from  it, 
and  expanding  into  local  lakes,  forming  plains  of  gravel,  sand,  and 
silt,  by  the  deposition  of  the  material  they  bore  out  from  the  great 
glacial  miU,  so  that  the  flank  of  the  moraine  is  fringed  with  fluvia- 
tile  and  lacustrine  plains. 

Ingathering  of  Streams  Iinmedia;teh/  Above  the  Moraine.  As  the 
glaciers  retired  within  their  moraines,  the  waters  accumulated  more 
freely  between  the  ice  and  the  skirting  drift-barrier,  and  is&ve  rise 
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to  lacustrine  deposits  within  the  moraine.  These  ponds,  joining 
each  other,  gave  rise  to  streams  which  gathered  together  within 
the  range,  and  discharged  across  it  at  the  lowest  available  point, 
thus  tending  to  swell  the  main  channels  of  discharge,  and  to  give 
rise  to  the  greater  streams  that  formed  immediately  after  the  retreat 
of  the  ice  commenced.  By  a  glance  at  the  map  it  will  be  seen  that 
the  branches  of  the  Kock,  Wisconsin,  and  Chippewa  rivers  gather 
into  the  main  stream  just  above  the  moraine,  in  a  notable  way  — 
the  manifest  effect  of  the  morainic  barrier. 

Special  Channels  of  Discharge,  After  the  Green  Bay  glacier  had 
retired  north  of  the  Rock  river  water-shed,  its  floods  were  proba- 
bly largely  discharged  through  the  Wisconsin  river  valley.  In 
like  manner,  after  the  Lake  Superior  glacier  had  retired  within  the 
Superior  basin,  its  waters  were  probably  discharged,  partly  through  the 
St.  Louis  and  Kettle  rivers  in  Minnesota,  partly  through  the  Brule  and 
St.  Croix  rivers,  the  head  waters  of  which  are  connected  by  a  broad 
ancient  channel,  and  partly  through  the  Numakagon  river.  The 
Brule-St.  Croix  channel,  being  the  lowest  of  these,  was  doubtless  the 
main  channel  of  discharge  after  the  ice  had  so  far  retreated  within 
the  Superior  basin  as  to  admit  of  the  accumulation  of  a  common  lake 
along  its  foot,  and  a  common  point  of  discharge.  The  result  of 
this  great  overflow,  if  we  interpret  correctly,  was  the  production  of 
the  extensive  sand  and  gravel  plains  of  the  upper  St.  Croix,  now 
known  as  the  "Barrens."  It  may  be  remarked,  that  the  "  Barrens '' 
of  the  northern  region,  generally,  may  be  attributed  to  similar 
action  of  glacial  waters. 

It  will  be  observed  from  this  enumeration  that  there  were  many 
important  channels  of  discharge  across  water-sheds  during  the  gla- 
cial epoch,  that  now  only  appear  as  extinct  channels.  Some  of 
these  have  been  the  sources  of  unwarranted  speculation  concerning 
former  changes  of  drainage  sj^stems.  They  find  adequate  and  ad- 
mirably consistent  explanation  as  necessary  phenomena  attendant 
on  the  melting  of  the  glaciers. 

^^  Forest  Beds.'*^  Between  the  two  glacial  epochs,  abundant  vege- 
tation doubtless  clothed  the  land  and  accumulated  in  peat  beds, 
humus  soils,  and  other  accustomed  ways.  The  advancing  ice  of  the 
second  glacial  epoch  buried  these  to  some  extent,  (1)  by  pushing  its 
moraines  over  them,  (2)  by  possibly  over-riding  them  in  some  in- 
stances, and  (3),  and  most  notably,  by  the  fluviatile  and  lacustrine 
deposits  that  it  gave  rise  to,  and  that  reached  on  beyond  the  area 
over-spread  by  the  ice.  These  beds  constitute  a  part,  at  least,  of  the 
buried  vegetable  deposits  included  under  the  term  "  Forest  beds,"  in 
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the  extended  application  which  that  term  has  come  to  have.  No 
opinion  is  here  expressed  as  to  the  Ohio  deposits  to  which  it  specific- 
ally belongs,  but  the  drift-buried  vegetal  beds  of  Wisconsin  belong 
to  at  least  three  epochs,  one  of  which  is  the  inter-glacial  one  here 
noted. 

Caxi^e  of  the  Glacial  Climate.  The  agencies  which  produced  the 
exceptional  climate  of  the  glacial  period  are  still  subjects  of  inquiry. 
Opinion  has  tended  largely  to  attribute  it  to  one  of  two  classes  of 
influences,  viz  :  (1)  Oeographical  changes^  particularly  a  northern  ele- 
vation and  extension  of  the  land  and  consequent  modification  of  the 
oceanic  currents,  and  (2)  Astronomical  causes^  particularly  periods  of 
great  eccentricity  of  the  earth's  orbit,  whereby  long  cold  winters 
and  short  hot  summers,  and  the  reverse,  are  produced.  In  both 
cases  the  glacial  effects  are  attributed  rather  to  the  combination  of 
indirect  influences  brought  into  play,  than  to  the  direct  effects  of  the 
agencies  themselves.  The  tendency  of  earlier  opinion  was  toward 
the  former,  while  more  recent  opinion  seems  to  have  inclined  toward 
the  latter  agency.  Perhaps  the  present  tendency  may  be  said  to  be 
toward  a  combination  of  the  two. 

There  seem  to  be  trustworthy  evidences  of  a  greater  elevation  of 
the  land,  particularly  that  adjacent  to  the  north  Atlantic,  at  the 
beginning  of  the  glacial  period,  and  of  a  depression  at  its  close,  the 
latter  perhaps  due  to  the  ice  itself. 

On  the  other  hand,  recent  investigations  on  the  great  moraine  of 
the  second  epoch,  and  comparisons  between  the  older  and  younger 
drift-sheets,  have  developed  a  notable  harmony  between  drift 
phenomena  and  a  modification  of  CrolPs  astronomical  hypothesis. 
The  more  essential  points,  briefly  stated,  are  as  follows :  Two  periods 
of  great  eccentricity  occurred  about  200,000  years  and  100,000  years 
ago,  respectively,  with  a  period  of  low  eccentricity  between,  and  one 
since,  in  the  midst  of  which  we  now  are.  The  two  stages  of  great 
eccentricity  are  supposed  to  have  furnished  conditions  favorable  to 
two  glacial  epochs,  or  rather  two  groups  of  glacial  epochs.  By 
groups  of  glacial  epochs  we  mean  this:  The  precession  of  the 
equinoxes  reverses  the  perihelion  relations  of  the  northern  and 
southern  hemispheres  every  10,500  years,  so  that  the  long  winters 
and  short  summers  of  the  northern  hemisphere  will  in  that  time  be 
replaced  by  short  winters  and  long  summers,  while  the  southern 
hemisphere  will  enjoy  the  opposite  conditions.  Now  if  long  winters 
and  short  summers  produce  glaciation,  the  reversal  of  the  conditions 
will  probably  have  the  opposite  effect,  and  glacial  epochs  would 
succeed  each  other  every  10,500  years  during  the  period  of  great 
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eccentricity,  as  maintained  by  CroU.  But  when  an  ice-sheet  of 
great  extent  has  become  well  developed,  it  probably  has  consider- 
able power  to  perpetuate  itself  by  its  own  effects  on  the  climate,  as 
urged  by  Wallace ;  so  that  it  might  endure  the  unfavorable  condi- 
tions of  the  adverse  period  due  to  precession,  being  only  caused  to 
retreat  a  moderate  distance,  from  whence  it  would  readvance  when 
the  cycle  of  precession  brought  back  long  winters  and  short 
summers. 

Under  this  view  there  should  be  two  great  glacial  epochs  each 
consisting  of  subordinate  epochs  of  ice  advance  and  retreat.  As 
each  cycle  consumed  21,000  years,  not  more  than  two  of  these  sub- 
ep'"  *h8  would  be  likely  to  occur  during  the  maximum  stage  of  eo- 
ce.i  Jty  in  such  a  way  as  to  leave  distinct  moraines,  though  there 
mi^  ic  be  one  or  more  during  its  decline. 

li  ow,  as  already  noted,  we  find  two  great  drift  sheets,  the  older  one 
very  much  more  worn  than  the  youngei*.  If  the  former  be  referred 
to  the  earlier  stage  of  maximum  eccentricity  and  the  latter  to  the 
more  recent  one,  there  will  at  least  be  a  concordance  between  fact 
and  theory.  But  the  more  striking  coincidencs  is  the  fact  that  the 
margin  of  the  later  drift  is  marked  by  two  great  morainic  belts,  lying 
close  together,  and  often  coalescing,  attended  by  a  smaller  one  usually, 
at  a  greater  distance  within.  If  these  be  attributed  to  the  influ- 
ences brought  into  play  by  the  cycles  of  precession,  the  harmony  of 
phenomena  and  hypothesis  becomes  quite  impressive,^  and  justifies 
a  certain  measure  of  belief  that  the  truth  will  be  found  in  this 
direction.  Much  more  investigation  of  the  drift  phenomena 
throughout  the  globe  will  be  necessary  before  an\^thing  like  demon- 
strative conclusions  can  be  reached. 

Origin  of  the  Crreat  Lake  Basins.  We  are  now  prepared  to  add 
somewhat  to  our  previous  discussion  of  the  probable  agencies  that 
produced  the  basins  of  the  Great  Lakes.  It  will  be  recalled  that, 
by  a  comparison  of  their  valleys  with  the  erosion  accomplished  by 
the  Mississippi,  and  by  a  consideration  of  other  evidences,  it  was  con- 
cluded that,  while  very  considerable  valleys  had  doubtless  been  exca- 
vated by  the  drainage  erosion  of  pre-glacial  times,  there  was  not  only 
a  want  of  evidence,  but  an  inherent  improbability,  that  the  great 
basins  we  now  find  were  so  produced.  The  question  now  arises.  Did 
the  great  glaciei's,  which  made  these  valleys  their  main  channels,  com- 
plete what  pre-glacial  erosion  failed  to  do?    Very  diverse  opinions 

lA  fuller  discussion  of  this  correspondence  was  presented,  by  the  writer, 
before  the  Wisconsin  Academy  of  Sciences,  in  December,  1881. 
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are  entertained  in  regard  to  the  erosive  power  of  glaciers,  it  being 
maintained,  on  the  one  hand,  that  they  are  peculiarly  fitted  to  plow 
.  out  great  broad  troughs,  and,  on  the  other,  that  they  have  almost  no 
erosive  power,  and  are  quite  incompetent  to  excavate  lake  basins. 
Both  extremes  are  quite  surely  in  error.  That  glaciers  have  a  not- 
able erosive  power,  the  turbid  streams  that  issue  from  them  testify. 
That  in  the  glacial  period  they  wrought  a  great  work  upon  the  face 
of  the  land,  the  drift  stands  as  an  unimpeachable  witness.  That 
the  drift  was  produced  by  mechanical  action  and  not  by  disintegra- 
tion, its  character,  particularly  the  large  ingredient  of  calcareous 
and  magnesian  clays,  demonstrates.  Clays  produced  by  disintegra- 
tion contain  very  little  of  these  ingredients.  Because  glacial  corra- 
sion  in  certain  areas  near  the  ice  margin,  or  out  of  the  line  of  the 
great  glacial  streams,  where  only  relatively  thin  ice  acted  for  but  a 
short  time,  has  been  small,  it  is  not  safe  to  conclude  that  it  might 
not  be  great  beneath  the  deep  strong  currents  that  ground  upon 
their  beds  for  a  long  period.  The  differential  action  of  the  ice 
should  not  be  overlooked.  Like  other  flowing  fluids,  it  must  have 
acted  eflBciently  in  favorable  situations,  and  quite  otherwise  under 
the  opposite  conditions.  Now  it  is  quite  reasonable  to  suppose  that 
the  greatest  erosion  would  be  accomplished  in  the  beds  of  the  gla- 
ciers' great  channels,  and  these  we  now  know  to  have  been  the  great 
lake  troughs. 

The  basins  themselves  present  many  features,  especially  those  of 
breadth  and  smoothness,  that  betoken  glacial  action,  as  well  pointed 
out  by  Dr.  Newberry.  But,  on  the  contrary,  there  are  other  feat- 
ures that  stand  as  checks  against  extravagant  ideas  of  glacial  erosive 
agency,  among  which  are  the  projecting  shore  points,  islands,  shoals, 
and  some  inequalities  of  bottom.  These  are  not  numerous  nor  marked, 
but  are  sufficient  to  teach  that  the  great  valleys  were  not  supremely 
dependent  upon  glacial  wear,  however  much  they  may  have  been 
modified  by  it.  Still  again,  if  the  amount  of  drift  be  computed,  and 
that  portion  of  it  which  can  be  fairly  supposed  to  have  been  derived 
from  the  lake  bottoms  be  restored  to  them,  it  does  not  appear  that 
it  would  be  sufficient  to  fill  them.  Such  a  computation  would,  of 
course,  be  decisive,  if  it  were  not  for  the  uncertainty  of  the  data. 
These,  with  other  considerations  that  cannot  here  find  place,  raise  a 
grave  doubt  as  to  the  competency  of  both  pre-glacial  and  glacial 
erosion  combined  to  produce  the  observed  results.  Neither,  nor  both 
together,  seem  to  offer  a  full  and  satisfactory  explanation,  though 

both,  we  maintain,  were  important  factors. 
Vol.  I  — 19 
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The  writer  has  been  gathering  facts  for  some  time  that  seem  move 
and  more,  as  their  number  increases,  and  their  bearing  is  considered, 
to  point  to  a  third  agency  that  may  have  played  an  important  part 
in  the  formation  of  these  great  depressions.  It  is  impossible  here  to 
discuss  the  evidence,  and  premature  to  arrive  at  conclusions,  but  it 
would  be  unsatisfactory  to  dismiss  so  fruitful  a  theme  as  the  origin 
of  these  great  features,  without,  at  least,  a  suggestion  of  what  may 
prove  to  be  coming  light,  however  penumbral  it  may,  at  present,  be. 

The  view  has  been  entertained  in  the  earlier  chapters  that  the  ac- 
cumulation of  sediment  over  a  wide  area  was  competent  to  plx)- 
duce  a  depression  of  the  crust.  The  same  principle  would  seem  to 
obtain  in  the  case  of  land  ice.  During  the  last  glacial  epoch  great 
ice-tongues  were  pushed  down  into  these  valleys,  weighting  them 
with  perhaps  2,000  feet  or  3,000  feet  of  ice.  That  the  strata  should 
have  sagged  under  so  great  a  burden,  so  long  sustained,  seems  quite 
possible.  The  depression  beneath  these  must  have  been  compensated 
for  by  elevation  elsewhere,  presumably  in  the  adjacent  region  in  the 
form  of  a  rim  about  the  glacial  tongue.  Another  effect  of  this  ice  must 
have  been  to  reduce  the  temperature  of  its  rock  bottom  to  the  freez- 
ing point,  and  maintain  it  there  so  long  as  the  ice  remained,  giving 
opportunity  for  the  cooling  and  consequent  contracting  effects  to  be 
deeply  and  widely  felt.  While  the  coefficient  of  contraction  for 
rock  is  small,  yet  the  total  effect  on  a  segment  of  the  crust  one  hun- 
dred miles  wide  might  be  appreciable.  Whatever  intiuence  this  might 
have  had  would  have  been  in  the  same  direction  as  that  produced  by 
the  weight  of  the  ice,  and  would  have  been  added  to  its  effects. 

If  the  ice  produced  any  notable  effects  in  these  ways,  there  would 
probably  be  a  tendency  to  return  to  the  previous  condition  on  its 
removal,  owing  to  the  elasticity  of  the  earth-substance,  the  greater 
relative  burden  of  adjacent  regions,  and  returning  warmth.  But 
the  basins  were  at  once  occupied  by  water  and  began  to  be  filled 
with  sediment,  which,  in  some  measure,  counteracted  the  tendency  to 
return  to  the  primitive  condition.  Besides,  imperfect  elasticity  would 
probably  prevent  a  full  return,  and,  in  any  event,  a  long  period 
must  be  consumed  in  its  accomplishment. 

Now,  as  indicated,  quite  an  array  of  facts  are  gathering  that  seem 
to  point  to  both  a  depression  during  the  glacial  occupancy  and  a 
tendency  to  return  since.  There  seem,  therefore,  some  grounds  for 
believing  that  one  element  in  the  production  of  the  lake  basins  was 
a  subsidence  of  their  bottoms,  due  to  glacial  occupancy.  The  change 
of  dij)  produced  by  such  a  subsidence  would  be  so  slight  as  not  to 
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be  very  obvious,  unless  attention  be  directed  to  it.    The  dips  on  the 
Wisconsin  shores  of  the  lakes  favor  the  hypothesis.^ 

The  Gbeat  Lake  Epoch  (Champlain). 

Evidence  was  long  since  collected  by  Prof.  Dana  and  others, 
showing  that  the  final  retreat  of  the  ice  was  attended  by  a  de- 
pression of  the  eastern  portion  of  the  continent,  affecting  it  most  at 
the  north.  Evidence  to  the  same  purport,  as  we  shall  presently  see, 
is  furnished  by  our  own  State.  A  general  result  of  this  was  to 
slacken  the  southward  flowing  streams,  and  to  facilitate  the  accu- 
mulation of  broad  lakes  over  the  territory  abandoned  by  the  ice. 
The  special  situation  of  the  Great  Lakes  favored  this  in  a  peculiar 
degree,  and  there  gathered  in  their  basins  volumes  of  water  much 
surpassing  in  area  and  depth  their  present  magnificent  dimensions. 

Combmed  Gldcial  a/nd  Iceberg  Action.  It  is  probable  that  these 
lafees  gathered  gradually  as  the  ice  retreated,  so  that  before  it  had 
retired  from  the  basins,  they  formed  great  fringing  lakes  by  their 
union  along  its  border.  This  gave  rise  to  a  peculiar  phase  of  depo- 
sition that  embraced  at  once  glacial  and  iceberg  action.  The  depth 
of  the  waters  was  manifestly  incompetent  to  give  rise  to  bergs  of 
great  size,  but  "glacier-blocks"  were  probably  very  abundant. 

The  result  of  such  action,  if  we  correctly  interpret  it,  was  the 
formation  of  clayey  deposits,  interspersed  with  rock-fragments  of 
moderate  size,  bearing  the  smoothed  and  scratched  surfaces  of  gla- 
ciated fragments.  But  this  limited  iceberg  action  would  be  compli- 
cated by  deposits  derived  from  the  shore-side  of  the  lake,  through 
drainage,  the  wear  of  the  waves  on  previous  glacial  accumulations, 
and  the  action  of  ice  upon  the  shores,  for  it  should  not  be  overlooked 
that  the  winters  of  the  declining  glacial  epoch  must  still  have  been 
severe,  resulting  in  powerful  shore-ice  action,  in  which  the  incor- 
poration of  beach  rock,  and  its  consequent  transportation  back  into 
the  lake,  played  a  conspicuous  part. 

That  this  limited  phase  of  iceberg  action  was  a  factor  in  the  clos- 
ing glacial  history  of  our  region,  is  thought  to  be  more  than  proba- 
ble, both  from  the  nature  of  the  case,  and  from  the  character  of 
certain  deposits  that  seem  to  be  thus  best  explained.  But  it  is  yet 
a  question  of  inquiry  as  to  how  extensive  and  important  an  element 

1  Mr.  Jamieson,  of  the  Scotch  Survey,  has  anticipated  me  a  few  weeks  in  the 
publication  of  almost  identical  views,  so  far  as  the  effect  of  the  weight  of 
glaciers  is  concerned,  and  has  given  them  a  wider  application,  as  indeed  I  had 
also.  His  views  appear  in  the  October  number  of  the  C>eological  Magazine, 
just  received. 
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it  may  have  been.  The  part  it  played  in  Wisconsin  geology  was 
seemingly  quite  subordinate,  but  it  was  probably  important  else- 
where. 

Overlying  the  Till  on  the  eastern  margin  of  the  State,  are  light- 
colored,  stony  clays  that  differ  from  the  usual  glacial  product  in 
being  more  homogeneous,  less  rocky,  and  in  presenting  a  subdued, 
semi-lacustrine  surface.  These  are  believed  to  have  been  formed 
under  the  modifying  influence  of  the  marginal  glacial  lake. 

Deposits  of  the  Expanded  Lakes.  The  Bed  Clay  amd  Beach 
Deposits.  There  succeeded  this,  on  the  Lake  Michigan  border,  a 
shallow-water  deposit  of  stratified  clay,  sand,  and  gravel,  reaching 
a  maximum  thickness  of  about  60  feet,  overlain  by  a  stony,  red  clay 
deposit,  reaching  a  maximum  thickness  of  75  feet,  over  which,  in 
the  northern  lake-border  counties,  there  is  a  second  shallow-water 
deposit,  reaching  a  thickness  of  about  60  feet,  which  is  surmounted 
by  a  thin  stratum  of  red  clay,  rarely,  if  ever,  exceeding  20  feet  ,in 
thickness. 

The  red  clays  are  unquestionably  sub-aqueous  deposits,  and  in- 
dicate, by  their  landward  extent,  the  former  extension  of  the  lake. 
The  Quaternary  map  of  the  Survey  atlas  exhibits  their  extent  to  the 
eye,  and  it  is  only  necessary  here  to  remark  that,  beginning  on 
the  lake  shore  near  ililwaukee,  the  area  widens  to  the  north  until 
the  Kettle  Range  is  reached,  by  which  its  western  boundary  is  dlB- 
flected  to  the  eastward,  until  it  passes  that  barrier,  and  swings 
around  upon  the  western  side,  and,  passing  the  water-shed,  occupies 
the  Green  Bay  valley.  It  ascends  this  valley  to  a  few  miles  south  of 
Fond  du  Lac,  and  reaches  up  the  Upper  Fox  river  beyond  Berlin, 
while  in  the  Wolf  River  valley  it  extends  beyond  Shawano.  West 
of  Green  Bay  it  appears  in  much  less  amplitude  than  to  the  south- 
ward. 

Former  Change  of  Level.  It  is  to  be  observed  that  this  margin  is 
not  a  horizontal  line,  such  as  would  naturally  be  expected  to  mark 
the  limit  of  a  former  expansion  of  the  lake,  and  that,  therefore,  the 
relative  altitudes  at  the  time  of  the  lake  expansion  must  have  been 
different  from  those  which  obtain  at  the  present  day.  The  heights 
to  which  the  formation  rises  are,  therefore,  significant  of  the  amount 
of  relative  change  of  altitude  which  the  surface  has  suffered.  At 
its  southern  extremity,  it  reaches  an  altitude  of  a  little  more  than 
100  feet  above  Lake  Michigan.  Where  its  western  limit  crosses 
the  northern  line  of  Ozaukee  county,  it  is  about  200  feet.  A  few 
miles  east  of  this  it  rises  upwards  of  300  feet.  At  the  northwest 
corner  of  section  36,  town  of  Lynden,  Sheboygan  county,  it  is  315 
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feet.  In  the  town  of  Rhine,  of  the  same  county,  the  limit  is  found 
at  322  feet;  at  the  middle  of  the  north  line  of  section  21,  town  of 
Meeme,  Manitowoc  county,  at  248  feet,  and  on  the  opposite  side  of 
the  Kettle  Eange,  at  St.  If  azian,  at  the  same  height.  N'orth  of  this 
its  limitation  is  less  weU  defined.  There  are  some  indications  that 
it  passed  entirely  over  the  Kettle  Range,  in  the  central  portion  of 
Manitowoc  county,  or  at  least  that  the  w^aters  of  the  period  did. 
Nowhere  north  of  this  was  it  observed  at  a  height  Exceeding  330  feet 
above  Lake  Michigan.  Near  Chilton,  it  reaches  an  elevation  of 
3Y2  feet;  north  of  Stockbridge,  358  feet;  south,  390  feet;  in  section 
6,  Marshfield,  401  feet;  in  section  5,  Taycheedah  (T.  15,  R.  23),  315 
feet.  These  have  been  selected  from  a  large  number  of  observa- 
tions, either  because  more  reliable,  or  because  more  significant,  on 
account  of  their  positions.  A  more  general  and  comprehensive 
appreciation  of  the  facts  may  be  gained  by  a  comparison  of  the 
map  of  Quaternary  Formations  with  the  Topographical  map  of  the 
Atlas.  It  will  be  observed  that  the  formation  rises  gradually  from 
its  southern  extremity  to  the  region  ot  Lake  Winnebago,  beyond 
which  it  declines. 

Local  Flexure.  These  facts  indicate,  beside  something  of  a  gen- 
eral northward  depression,  a  local  sag  in  the  Lake  Winnebago  re- 
gion. It  is  interesting  to  observe  that  this  is  at  a  point  which  has 
repealedh/  s^iffered  depression  in  previous  geological  ages. 

Bordering  the  shores  of  Lake  Superior,  there  occurs  a  similar  red 
clay  deposit  associated  with  stratified  sands  and  gravels,  the  exact 
succession  of  which  has  not  yet  been  determined.  This  rises  to  its 
greatest  known  height  near  the  western  extremity  of  Lake  Supe- 
rior, or  more  precisely,  in  the  axis  of  the  trough  of  the  Lake 
Superior  basin,  where  it  reaches  a  known  altitude  of  560  feet  above 
the  lake,  and  probably  somewhat  farther  west,  a  maximum  height 
of  600  feet.  The  observed  altitudes  on  either  hand  are  less.  There 
appears  to  be  indicated,  therefore,  not  only  a  general  northward  os- 
cillation of  level  —  either  of  land  or  water  surface,  since  these  de- 
posits are  higher  here  than  on  Lake  Michigan  —  but  a  moderate  local 
flexure  of  the  strata  in  the  trough  of  the  Lake  Superior  synclinal, 
an  old  line  of  weakness. 

Before  the  full  and  precise  significance  of  these  deposits  of  the 
ancient  expanded  lakes  can  be  adequately  interpreted,  the  deposi- 
tions throughout  the  whole  of  the  Great  Lake  district  must  be 
studied,  and  their  connections  and  equivalence  determined  —  a  work 
of  detail  involving  much  time  and  labor.  Until  that  is  accomplished, 
we  must  content  ourselves  with  the  general  facts  taught  by  the 
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Wisconsin  deposits,  strengthened  by  the  broad  fact  that  similar 
formations  border  the  whole  Great  Lake  area.  It  is  safe  to  assert 
the  general  proposition  that  the  lakes  were  greatly  expanded,  and 
united  with  each  other  by  broad  straits,  and  that  they  gave  rise  to 
thick  lacustrine  deposits,  partly  of  stony  clays  and  partly  of  so-called 
modified  drift. 

Southwesterly  DUcharge  of  ihs  Oreat  Lakes,  There  is  also  satis- 
factory evidence,  the  data  for  which  is  drawn  mainly  from  without 
our  State,  that  Lake  Michigan  then  discharged  southwesterly  into 
the  Mississippi,  through  the  Illinois  valley,  and  that  Lake  Erie  like- 
wise poured  its  waters  through  the  Mauraee- Wabash  valley  into  the 
Father  of  Waters.  What  were  the  circumstances  that  prevented 
the  discharge  of  these  lakes  through  the  St.  Lawrence  valley,  as 
they  now  do,  is  one  of  the  interesting  problems  yet  awaiting  solution. 

Reversal  of  Drainage.  Later,  there  came  a  reversal  of  the  drain- 
age direction,  and  the  Great  Lakes  began  to  pour  forth  their  waters 
into  the  northern  Atlantic.  There  followed  this  a  gradual  with- 
drawal to  their  present  shrunken,  though  still  ample,  dimensions. 

Sta^e  of  Medium  Expansion  of  Lake  Michiga/n,  There  was  an 
intermediate  stage  in  the  case  of  Lake  Michigan,  very  much  subse- 
quent to  the  earlier  expanded  stage,  but  still  at  least  some  hundreds 
of  years  since,  when  it  stood  15  or  20  feet  higher  than  at  present. 
At  that  time  it  cut  back  the  border  of  the  lake,  forming  clay  and 
rock  terraces,  portions  of  which  still  remain,  since  the  recent  wearing 
back  of  tho  shore  has  not  yet  entirely  passed  the  line  of  the  old  en- 
croachment. Where  the  lake  at  that  period  had  its  margin  on  low- 
land, instead  of  against  clay  or  rock  cliffs,  it  formed  beach  ridges 
of  sand,  gravel,  or  chip-stone,  that  with  equal  clearness  mark  its 
former  border. 

Present  Work  of  the  LaJce,  From  the  stage  which  these  ancient 
beaches  and  terraces  mark,  tlie  lake  retired,  and  it  is  now  advancing 
at  a  lower  level,  repeating  before  our  eyes  the  old-time  geological 
work  of  waters,  in  that  it  is  eroding  its  banks,  assorting  the  material, 
accumulating  gravel  and  sand  on  its  beach,  and  finer  material  in 
successive  grades  in  the  quieter,  off-shore  watere.  Thus  the  lead- 
ing deposition  within  our  borders  to-day  carries  us  back  by  the  uni- 
formity of  its  methods  to  the  Laurentian  sedimentation  which  was 
the  first  clearly  discernible  stage  in  the  history  of  Wisconsin  foiTna- 
tions.     The  first  and  the  last  were  essentially  alike. 

Formation  of  Soil,  The  retreat  of  the  glaciers  left,  as  before  re- 
marked, spread  over  the  surface  subjected  to  their  action,  a  sheet  of 
confused  and  commingled  earthy  and  rock  material,  scraped  from 
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tho  surface  of  the  areas  lying  northward,  and  partaking  of  the 
diverse  natures  of  the  parent  sources.  This  intermixed  material 
contained  ingredients  from  a  large  variety  of  rocks  of  various  min- 
eral composition,  and,  therefore,  furnished  a  substratum  remarkably 
well  fitted  to  yield  a  soil  rich  in  all  requisite  mineral  constituents. 
But  this  was  left  by  the  glacier  in  a  crude  uncongenial  state.  Upon 
this,  the  atmosphere,  the  rain,  the  sunlight  and  the  frost  began  their 
work  of  aeration,  disintegration  and  chemical  reaction,  and  devel- 
oped deep,  rich,  and  enduring  soils.  To  these,  increasing  vegetation 
added  its  contribution  of  organic  action,  and  residual  humic  prod- 
ucts. As  the  surface  was  washed  and  blown  away,  these  agencies 
penetrated  deeper  and  deeper,  renewing  from  below  what  was  lost 
above.    And  this  work  still  goes  on. 

Quaternary  Life  History. 

Recurring  to  life-history,  we  may  recall  the  fact  that  the  life  of 
the  closing  Tertiary  period,  last  considered,  was  that  to  which  a 
warm  climate  only  would  be  congenial.  The  southward  extension 
of  glacial  climate  necessarily  drove  this  life  from  the  region,  so  far 
as  it  could  not  modify  itself  to  the  climatic  change,  forcing  along 
after  it  Arctic  species,  and  at  length  completely  sweeping  away  all 
life,  breaking  the  continuity  of  its  history,  so  far  as  our  region  is 
concerned. 

With  the  retreat  of  the  first  great  ice-sheet  there  doubtless  fol- 
lowed, closely  after,  the  Arctic  and  cold-temperate  species,  so  that  the 
land  abandoned  by  the  ice  was  promptly  occupied  by  advancing 
vegetation  and  abundant  animal  life. 

Plants.  During  the  inter-glacial  period  there  is  evidence  of  con- 
siderable coniferous  growth,  the  formation  of  peat  deposits,  and 
other  indications  of  a  verdure-clothed  land.  With  the  second 
advance  of  the  ice,  this  was  overwhelmed,  and  for  the  most  part 
destroyed,  within  the  glaciated  area,  but  near  the  margin  and  in 
favored  spots,  it  appears  to  have  been  merely  over-ridden  and  buried, 
leaving  it  as  testimony  to  the  events  of  the  period.  In  the  region 
south  of  the  Kettle  Moraine,  that  was  not  covered  by  the  later  ad- 
vance, vegetable  deposits  appear  to  have  been  much  more  exten- 
sively buried,  by  the  agency,  as  it  would  seem,  of  lacustrine  and 
fluviatile  action,  associated  with  and  springing  from  the  glaciation 
of  the  period.  Great  lakes  and  rivers  appear  to  have  formed  during 
the  depression  that  attended  the  glacial  retreat,  and  by  these  the 
vegetable  deposits  are  thought  to  have  been  buried.^ 

1  Compare  Newberry  on  Forest  Beds,  Gteol.  Surv.  of  Ohio,  VoL  II,  p.  SOetseq., 
■  and  VoL  lU,  pp.  88  and  39. 
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MammaU.  Following  the  close  of  the  second  glacial  epoch, 
there  reappeared  npoD  odt  territory,  a  great  tuammalian  fauna. 
Elephants  and  Mastodons  roamed  over  oar  State.  The  relica  of  a 
considerable  number  of  them  have  been  exhumed  from  our  swamps 
or  taken  from  the  crevices  of  the  Lead  Begion.  Attending  these 
there  were  other  Mammals  together  with  the  lower  urders  of  land 
life.  The  remains  of  a  species  of  the  genus  Bos,  allied  to  the  Bnf- 
falo,  several  species  of  the  genus  Cerves,  closely  allied  to  modem 


Fia.  M. 


HunoTH  (ElepliAa  prlmigenliui). 


species  of  Deer,  portions  of  different  individuals  of  MegdloTvyxJ^- 
fersoni,  the  tooth  of  Dicotylea  compressus,  an  extinct  species  of  Pec- 
cary, remains  of  the  genus  Cams,  allied  to  the  Gray  Wolf,  and  others 
resembling  the  Prairie  Wolf ,  and  an  extinct  species  of  Kaccoon,  with 
other  mammalian  remains,  have  been  found  in  the  crevices  of  the 
Lead  Region,  but  as  that  area  was  not  covered  by  the  drift  agencies, 
it  is  impossible  to  assert  that  these  are  all  post-glacial  species,  al- 
though from  the  predominance  of  modern  forms,  it  is  probable  that 
they  are.  The  Mastodon  was  undoubtedly  the  king  of  the  brute 
Mammals  of  the  day. 

The  very  modern  aspect  of  the  fauna  is  apparent.  In  a  wider 
view  this  becomes  more  conspicuous.  The  continental  peculiarities 
were  the  same  as  now.  In  North  America,  Herbivorous  mammals 
were  the  dominant  forms,  and  in  South  America,  Edentates,  in  the 
Europe-Asian  continent,  Carnivores,  and  in  Australia,  Marsupials. 


QUATERNARY  AGE. 
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Jfan.  In  this  Post-glacial  period  appear  the  first  remains  of  the 
chief  of  Mammals  —  Man  —  so  far  as  investigations  within  our  State 
are  concerned.  It  is  not  oonelstent  with  oar  limitations  to  discuss 
here  the  evidence  bearing  npon  the  first  appearance  of  the  hnman 
species,  but  it  is  worthy  of  note  that  the  definite  discrimination  be 
Fia.  100. 


Sedxioh  or  Kabtodos  Akducuids  (M.  Oblotlcus)  —  Owen. 

tween  the  earlier  and  later  glacial  epochs,  as  here  set  forth,  and  the 
marking  out  of  the  definite  limits  of  the  glaciation  of  the  latter, 
afford  a  means  of  discrimination  in  respect  to  the  antiquity  of  re- 
mains found  within  the  drift,  that  is  worthy  of  thoughtful  considera- 
tion. It  is  manifest  that,  if  the  earlier  glacial  epoch  is  separated 
from  the  later  by  a  period  anything  like  that  which  has  elapsed 
since,  as  we  have  suggested,  it  is  a  matter  of  prime  importance  to 
Fia  101. 


it  Elephu  AmeHcaniu,  zM.    b.  Toolh 


298  GENERAL  GEOLOGY. 

determine  whether  human  relics,  fomid  within  the  drift,  or  beneath 
it,  belong  to  the  earlier  or  later  epoch.  It  is  evident  that,  if  man 
existed  in  the  inter-glacial  epoch,  a  wide  field  for  research  lies  along 
the  outer  margin  of  the  Kettle  Moraine,  where  the  overflowing 
glacial  waters  spread  out  extensive,  but  thin  sheets  of  detrital  mate- 
rial upon  the  earlier  glacial  surface,  burying  whatever  it  may  have 
borne. 

Fig.  102. 


Claw-cork  of  Megalontx,  x  J<. 

No  relics  trustw:ortliily  indicating  great  antiquity  have  yet  been 
found  in  Wisconsin.  The  State  is  exceedingly  rich  in  stone  imple- 
ments, and  transcends  all  other  countries  in  the  yield  of  copper 
weapons  and  utensils  which  it  has  rendered  to  the  enterprising  Anti- 
quarians of  the  State. 

Except  in  the  northern  part,  our  territory  is  dotted  with  the 
mounds  of  a  departed  race,  which  has  left  us  these  geological  evi- 
dences of  its  occupancy.  But  aside  from  the  recognition  of  these 
physical  results,  this  is  the  field  of  the  antiquarian,  rather  than 
that  of  the  geologist,  and  marks  the  border-land,  where  the  history 
of  the  great  physical  past  yields  to  the  greater  history  of  the  in- 
tellectual present. 


PSYCHOZOIC  ERA. 


CHAPTER  XYI. 

AGE  OF  MIND. 

The  propriety  of  recognizing  the  present  as  a  Fsychozoio  era^  dis- 
tinct from  the  Cenozoic,  has  not  been  universally  recognized,  and 
perhaps  the  basis  on  which  the  era  has  been  founded  has  not  been 
altogether  that  here  urged.  If  the  distinguishing  of  this  as  a  new 
era  is  simply  a  recognition  of  the  superior  mental  attributes  of  man, 
considered  merely  as  such,  the  propriety  of  the  classification  may 
be  fairly  questioned;  for,  however  preeminent  man's  intellectual 
and  moral  nature,  as  compared  with  the  organisms  that  character- 
ized earher  geological  ages— however  much  man  may  transcend  the 
Mammals,  Beptiles,  Fishes,  and  Invertebrates  of  the  preceding  eras^ 
unless  that  superiority  —  or  man,  its  working  embodiment — is  an 
efficient  geological  agent,  it  does  not  entitle  him  to  special  recogni- 
tion in  a  geological  classification.  An  epoch  of  poetry  or  an  age  of 
science  would  be  incongruous  in  geognosy,  however  much  either 
might  outrank  a  moUusk  or  a  reptUe. 

The  recognition  of  the  Psychozoic  era  is  here  maintained  as  an 
important  one,  on  a  strictly  geological  hasisy  for  it  is  contended,  in 
opposition  to  the  high  authority  of  Lyell  and  others,  that  man  is 
the  most  important  organic  agency  yet  introduced  into  geological 
history.  It  is  affirmed  that  man  more  powerfully  affects  the  course 
of  geological  progress  than  did  Mammals,  Keptiles,  Fishes,  and  Mol- 
lusks,  in  the  days  of  their  reigns.  This  is  due  not  so  much  to  the 
direct  as  to  the  indirect  infiuence  of  man.  The  excavations,  con- 
structions, and  transportations  of  material  which  he  effects,  are 
considerable,  when  the  brevity  of  his  predominance  is  considered, 
but  these  are  slight  compared  with  the  effects  that  spring  indirectly 
from  his  activities.  The  cultivation  of  the  soil  yery  greatly  increases 
the  erosion  and  transportation  of  surface  waters,  and  consequently 
the  sedimentation  of  the  bodies  of  water  into  which  the  streams 
pour  their  silt-burdened  waters.    The  increase  of  turbidity  thus  oc- 
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casioned  in  time  affects  the  life  of  the  streams  and  the  coasts,  and 
consequently  influences  the  organic  element  of  deposition.  The 
entire  land  life  is  being  revolutionized  through  man's  agency,  and 
to  a  very  considerable  extent,  that  of  the  waters.  In  the  latter 
sphere  he  has  but  begun  to  systematically  exert  his  power.  That 
he  will  ultimately  modify  in  a  considerable  degree  marine  life, 
scarcely  admits  of  question. 

Without  enlarging  upon  the  many  phases  of  man's  influence, 
these  citations  are  perhaps  sufficient  to  indicate  that  both  the  organic 
and  inorganic  agencies  of  geological  progress  are  powerfully  influ- 
enced by  him,  and  that  a  new  and  profoundly  marked  era  was  in- 
augurated when  he  became  the  dominant  organic  being.  The  fact 
that  this  influence  springs  from  man's  intellectuality,  more  than 
from  his  animal  force,  renders  the  term  Psychozoic  a  fitting  one. 

This  era,  however,  did  not  become  a  reality,  until  man's  sway  be- 
came generally  felt,  and  can  scarcely  be  said  to  be  now  more  than 
inaugurated.  It  ma^y  be  held  to  have  commenced  when  the  land  was 
first  generally  cultivated,  and  when  native  animals  and  plants  were 
largely  replaced  by  those  selected  and  propagated  by  man.  For  this 
reason  we  would  designate  the  initial  stage  the  Agricultural  Epoch. 

The  Archaeological  ages,  PalaBolithic  (Ancient  Stone  Age),  and  Neo- 
lithic (Newer  Stone  Age)  are  not  here  recognized  as  strictly  geological 
epochs,  and  if  they  were,  they  should  probably  be  classed  with  the 
Cenozoic  era,  as  man  did  not  then,  as  an  intellectual  being,  very 
greatly  affect  the  course  of  geological  growth. 

In  Wisconsin,  the  potent  influences  of  this  new  era  have  only 
been  felt  within  the  memory  of  our  oldest  citizens.  It  may  be  safely 
asserted  that  the  present  generation  has  witnessed  greater  changes 
in  the  surface,  in  the  vegetation,  and  in  the  animal  life,  than  ever 
before  took  place  in  an  equal  length  of  time,  since  the  dawn  of 
authentic  geological  history,  excepting  possibly  certain  stages  of  the 
glacial  period.  This  is  the  physical  work  of  an  intellectual  agency. 
This  is  the  geology  of  the  living  present. 
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NATIVE  WATEBS— SUBSTANCES  IN  1,000  PARTS. 
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OHAPTEB  n. 

MINEEALS  OF  WISCONSIN. 

Bt  R  D.  iRYiMa 

In  this  chapter  are  listed  all  the  mineral  species  that  have  come  to 
my  knowledge  as  existing  within  the  State  of  Wisconsin.  A  brief 
list  of  Wisconsin  minerals  by  the  late  Dr.  Lapham  is  published  in  the 
second  volume  of  this  series.*  The  latter  list  was  intended,  however, 
merely  as  preliminary,  and  includes  rather  the  results  of  Dr.  Lap- 
ham's  own  previous  researches,  than  those  of  the  investigations  of 
the  Geological  Survey.  It  is  thus  naturally  very  defective,  omitting 
the  names  of  a  number  of  the  most  abundant  and  important  of  Wis- 
consin minerals,  besides  including  the  names  of  several  species  whose 
existence  has  not  been  substantiated  by  the  investigations  of  the  Geo- 
logical Survey.  It  is  not,  of  course,  pretended  that  the  present  list  is  a 
complete  one ;  it  is  merely  a  record  of  observations  to  date.* 

Immediately  after  the  name  of  each  mineral,  I  have  added  its 
chemical  formula.  For  the  physical  properties  reference  may  be 
made  to  any  good  manual  of  mineralogy.  The  principal  optical  and 
microscopic  characters  of  the  rock-forming  species  as  seen  in  the  thin 
sections,  so  far  as  is  necessary  to  an  understanding  of  the  rock  de- 
scriptions of  this  series  of  reports,  are,  however,  included.' 

The  order  in  which  these  species  are  successively  referred  to  is  that 
of  Dana's  Mineralogy,  and  is  indicated  in  the  following  preliminary 
enumeration : 

Native  Elements.  Sulphides. 

1.  Gold.  7.  Galenite. 

2.  Silver.  8.  Bomite. 

8.  Copper.  9.  Sphalerite. 

4.  Iron.  10.  Cnalcocite. 

5.  Sulphur.  11.  Niccolito. 

6.  Graphite.  12.  Pyrite. 


1  Vol.  II,  pp.  207-80.    Annual  Report  for  1873. 

a  May,  1882. 

s  For  the  optical  and  microscopic  characters  of  the  several  rock-forming  species, 
[  have  used  the  works  of  F.  Zirkel,  H.  Rosenbusch,  G.  W.  Hawes,  and  R.  Pum- 
peUj,  as  well  as  my  own  ezx)erience« 
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StUphides  —  continued. 

13.  Chalcopyrite. 

14.  Marcasite. 

15.  Arsenopyrite. 

16.  Tetrahedrite. 

Cfhloride. 

17.  HaUte. 

FltLoride. 

18.  Fluorite. 

Oxides. 

19.  Cuprite. 

20.  Hematite. 

21.  Menaccanite. 

22.  Magnetite. 

23.  RutUe. 

24.  Pj'rolusite. 

25.  Limonite. 

26.  Turgite. 

27.  Wad. 

28.  Quartz. 

Anhydrous  Silicates, 

29.  Enstatite. 

80.  Hyperstheno, 

81.  Pyroxene. 

82.  Amphibole. 
88.  Chrysolite. 

84.  Oarnet. 

85.  Zircon. 

86.  Epidote. 

87.  Biotite. 

88.  Muscovite. 
S9.  Wemerite. 

40.  Anorthite. 

41.  Labnidorite. 

42.  Oligoclase. 

43.  Microcline. 

44.  Orthoclase. 

45.  Toumialine. 

46.  Andalusite. 

47.  Cyanite. 

48.  Datolite. 


Anhydrous  SUicates —  continued. 

49.  Titanite. 

50.  Staurolite. 

Hydrous  Silicates, 

51.  Laumontite. 

52.  Chrysocolla. 

53.  Calamine. 

54.  Prelinite. 

55.  Appophyllite  (!). 

56.  Natrolite(?;. 

57.  Analcite(?). 

58.  Cbabazite  (?). 

59.  Stilbite(?). 

60.  Heulandite(?). 

61.  Talc. 

62.  Glauconite. 

63.  Serpentine. 

64.  Kaolinite. 

65.  Saponite  (?)• 

66.  Sericite. 

67.  Chlorite. 

Phosphate, 

69.  Apatite. 

SiUpTiates, 

70.  Barite. 

71.  Celestite.  » 

72.  Anglesite. 

73.  Loadhillite. 

74.  Ghrpsum. 

75.  Meianterite. 

Carbonates. 

76.  Calcite. 

77.  Dolomite. 

78.  Smithsonitei 

79.  Cerussite. 

80.  Hydrozincitei 

81.  Malachite. 

82.  Azurite, 

Hydro-carbons. 

83.  Lignite,  carbonaceous  mat- 

ter in  shales,  etc. 


1.  Gold.  Gold  might  naturally  be  expected  to  occur,  in  small  quantities  at 
least,  anywhere  within  the  region  of  crystalline  rocks  in  the  northern  part  of 
the  State;  and  it  has  in  fact  been  reported  from  that  region  at  a  number  of 
points.  So  far  as  my  own  tests  are  concerned,  however  —  and  I  have  no  other 
reliable  information, —  these  reports  have  always  faQed  of  proof  save  in  one  in- 
stance. In  some  samples  of  a  quartz  carrying  pyrite  and  arsenopyrite  brought 
me  from  the  northern  part  of  Clark  county,  I  found  minute  quantities  of  both 
gold  and  silver.!  It  is  not  to  be  expected  that  gold  in  quantity  will  ever  bo 
found  in  Wisconsin. 

2.  Silver.  Minute  quantities  of  silver  are  found  associated  with  the  native 
copper  of  the  Lake  Superior  region,  and  with  the  native  copper  which  forms  one 
of  the  materials  of  the  drift  prevailing  over  all  of  the  State  except  its  southwest- 
em  quarter. 


>  Trans,  of  the  Wis.  Acad.  ^i.  Arts  and  Letters,  Vol.  L 
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The  silver-bearing  sandstone  of  the  Porcupine  mountain  region  of  Michigan  l 
tias  been  traced  across  the  Montreal  river  to  Bad  river  in  Wisconsin;  and  on  the 
Montreal  it  has  been  found  to  contain  minute  quantities  of  copper  and  silver. 
There  is  no  probability  that  silver  in  quantity  will  ever  be  discovered  in 
Wisconsin. 

8.  Copper.  Native  copper  occurs  both  in  the  series  of  rocks  described  in  this 
report  as  the  **  Copper-Bearing  "  or  Keweenaw  series,  and  throughout  the  drift 
covered  portions  of  the  State,  in  fragments  that  have  been  carried  from  the  cop- 
per regions  of  the  Northern  Peninsula  of  Michigan  and  of  Northern  Wiscon- 
sin. These  drifted  fragments,  which  are  particularly  abundant  in  the  eastern 
.  part  of  the  State,  and  which  often  give  rise  to  fallacious  expectations,  run  from 
a  few  ounces  to  several  hundred  pounds  in  weight.  According  to  Dr.  Lapham, 
one  found  near  Hustisford  in  Dodge  county  had  a  weight  of  487  pounds.  These 
fragments  are  known  to  have  come  from  the  copper-bearing  rocks  of  the  Lake 
Superior  region,  not  merely  by  their  occurrence  in  the  northern  drift,  but  also 
from  the  fact  tliat  they  often  carry  adhering  particles  of  the  rock  with  which 
they  were  originally  in  place.  The  abundance  in  Wisconsin  of  these  copper  drift 
fragments,  which  are  also  found  as  far  east  as  central  Ohio,  and  as  far  west  as  cen- 
tral Iowa,  is  plainly  to  be  connected  with  the  peculiar  courses  of  the  glaciers  of 
the  Lake  Superior  and  Lake  Michigan  basins.  With  the  unusual  abundance 
of  drift  copper  in  Wisconsin  is  in  turn  to  be  connected  the  unusual  abundance 
of  prehistoric  copper  implements,  which  are  plainly  merely  hammered  from 
drift  copper  fragments.  2 

Native  copper  in  place  has  been  found  in  the  northern  part  of  the  State  at  a 
number  of  points  in  Ashland,  Bayfield,  Douglas,  Burnett,  and  Polk  counties,  or, 
in  other  words,  all  the  way  across  from  the  Michigan  to  the  Minnesota  boundary. 
Descriptions  in  detail  of  the  occurrence  of  this  copper  are  given  in  Vol.  Ill  of 
this  series.  3  Briefly,  it  may  be  stated  here  that  the  copper  of  these  regions  occuxs, 
(1)  in  veins  transverse  to  the  bedding  of  the  formation,  (2)  in  impregnations  of 
altered  and  often  highly  epidotic  amygdaloid  layers,  and  (3)  in  impregnations  of 
sandstone  and  conglomerate  layers.  Native  copper  has  not  yet  been  obtained  in 
paying  quantity  in  Northern  Wisconsin;  but  there  are  a  number  of  points  at 
which  its  occurrence  has  been  noted  during  the  progress  of  the  survey,  where 
the  indications  are  such  as  would  warrant  considerable  exploitation.  This 
would  seem  to  be  especially  true  of  a  region  from  the  vicinity  of  Moose  river 
southwestward  into  Minnesota.  With  the  exception  of  the  inunediate  vicinity 
of  Snake  and  Kettle  rivers  in  Minnesota,  this  region  is  virgin  territory,  so  far 
as  the  copper  miner  is  concerned.  It  was  not  reached  by  the  explorers  who,  dur- 
ing the  times  of  the  mining  excitement  in  the  Lake  Superior  region  thirty-five 
years  since,  spread  themselves  over  nearly  every  other  part  of  the  Lake  Superior 
country. 

4.  Iron.  Metallic  iron  exists  in  nature  both  in  masses  that  are  plainly  of  extra- 
terrestrial origin,  and  in  particles  imbedded  in  the  ultra-basic  volcanic  rocks. 
None  of  the  latter  iron  has  been  discovered  in  the  Wisconsin  basalts,  but  iron  of 
meteoric  origin  has  been  found  certainly  at  one  place,  possibly  at  two  or  three. 


>  Vol.  m,  pp.  200,  208,  206.    See  also  the  Ck>pper-bearing  Bocks  of  Lake  Superior,  by  B.  D.  Irving, 
Jfonographs  of  the  U.  S.  GeoL  Survey,  Vol.  V. 
'SeeVol.  n,  p.  619. 
•pp.  167-206,  337-362,  403-410,  415,  42M27. 
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The  place  referred  to  is  "  in  Washington  coontj  on  the  farm  of  Lewis  Korfo,** 
where  the  iron  waa  found  in  a  number  of  masses  Tarjing  from  eight  to  sixty- 
two  pounds  in  weight.  This  iron  was  first  brou^t  to  the  notice  of  the  scientific 
world  by  Dr.  L  A.  Lapham.  It  baa  been  fully  examined  and  described  by  Dr. 
J.  Lawrence  Smith. 

5.  Sulphur.  Native  sulphur  in  small  quantities  is  occasionally  met  with  in 
the  lead  region  in  the  southwestern  part  of  the  State,  where  "  its  presence  is  due 
to  the  decomposition  of  iron  pyrites.  It  is  usually  found  in  a  pulTerulent 
form.  Some  pieces  weighing  as  much  as  an  ounce  were  seen  in  a  cabinet  at 
Hazel  Green,  which  are  said  to  have  been  obtained  from  a  small  sheet  in  some 
of  the  Bnncome  mines.  It  is  said  to  be  not  unconmion  in  this  vicinity.  Other 
localities  where  it  is  found  are  Mineral  Point,  and  the  Crow  Branch  diggings."  ^ 

6.  Graphite.  Graphite  is  known  in  Wisconsin  only  as  an  ingredient  of  certain 
carbonaceous  schists  of  the  Huronian  series,  in  which  condition  it  has  been 
obeenred  in  the  Penokee '  and  Menominee  regions.*  A  portion  of  the  black 
dusty  material  represented  in  Hgs.  4  and  6,  in  Plate  XV  A,  YoL  m,  is  of  a  car- 
bonaceous nature. 

7.  Galentte.  Galena.  (PbS=lead  86.6,  sulphur  13.4=100.)  The  principal 
occurrence  of  this  mineral  is,  of  course,  in  the  lead  region  of  the  southwestern 
part  of  the  State;  but  in  small  particles  it  is  very  widely  diffused,  occurring  in 
the  limestone  beds  of  aU  parts  of  the  State,  and  the  shales  of  the  Cincinnati 
group.  It  has  also  been  reported  from  the  crystalline  rock  region  of  the  northern 
part  of  the  State;  but  no  well  authenticated  instance  of  such  an  occurrence  has 
come  to  my  knowledge.  The  galena  of  the  lead  mines  of  the  southwestern  part 
of  the  State  is  commonly  very  coarsely  crystalline,  occurring  in  distinctly  out- 
lined cubic  crystals,  often  of  large  size,  or  in  aggregated  masses  whose  broad 
cleavage  surfaces  indicate  a  coarse  crystallization.  This  galena  carries  almost  no 
silver.  The  common  associates  of  the  galena  of  the  lead  mines  are  ferruginous 
sphalerite,  calcite,  pyrite  and  marcasite,  with  rarer  chalcopyrite,  barite,  dolomite, 
cerussite,  smithsonite,  malachite  and  azurite. 

Full  descriptions  of  the  modes  of  occurrence  of  this  mineral  in  the  lead  region 
will  be  found  in  Vols.  I,  II,<  and  FV^  of  this  series. 

8.  BoEXiTB.  Purple  Copper  Ore.  (FeCu,S,=sulphur  28.06,  iron  16.86, 
copper  55.58=100.)  Bomite  is  foimd  as  a  very  rare  mineral  in  the  copper  dig- 
gings near  Mineral  Point* 

9.  Sphalerite.  Zinc  Blende.  (ZnS=aulphur  33,  zinc  67=100,  but  often  hav- 
ing part  of  the  zinc  replaced  by  iron.)  This  is  one  of  the  most  abundant  minerals 
in  the  lead  region,  where  it  is  raised  in  quantity  as  an  ore  of  zinc,  occurring 
almost  invariably  associated  with  the  galena  of  the  horizontal  deposits.  It  is 
not  found  in  perfect  crystals,  but  in  crystalline  aggregates,  which  have  nearly 
always  a  dark  brown  or  black  color,  on  aocoimt  of  the  replacement  of  a  part  of 
the  zinc  by  iron. 

» Vol.  n,  p.  flw. 

'Vol.  m,  p.  186. 

•  Vol.  m,  p.  7i«. 

«pp.  64&-768. 
*  pp.  807-668. 
•Vol  n,  p.  601 
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Sphalerite  is  also  occasionally  met  with  in  isolated  crystals  or  small  nests  in 
the  limestone  beds  of  other  portions  of  the  State. 

• 

10  Chalcx)CITB.  (Cu,S=8ulphur  20.2,  copper  79.8=100.)  Chalcocite  is  men- 
tioned by  Dana  ^  as  occurring  on  Left  Hand  river  in  Douglas  county.  Lapham 
mentions  chalcocite  also  as  occurring  at  Mineral  Point,  but  I  find  no  other  au- 
thority for  either  of  these  occurrences. 

11.  NioooLTTE.  Copper-Nickel.  (NiAs=arsemc  56.4,  nickel  48.8=100.)  Min- 
ute quantities  of  niccolite  have  been  detected  in  a  diabase  in  the  immediate 
vicinity  of  Copper  creek,  Sec.  23,  T.  47,  R.  14  W.,  Douglas  coimty.^ 

13.  Pyrite.  Iron  Pyrites.  (FeS,=8ulphur  53.8,  iron  46.7=100.)  Pyrite  is 
of  course  a  widely  diffused  mineral  in  Wisconsin.  It  occurs  in  especial  abun- 
dance in  the  lead  region,  where  it  is  associated  with  the  galena  of  the  lead  mines, 
often  in  very  perfect  and  large  sized  crystals.  But  pyrite  is  also  of  common 
occurrence  in  all  the  limestones  of  the  State,  and  is  not  unfrequently  met  with 
in  the  sandstones  also.  The  pyrite  of  the  Potsdam  and  St.  Peters  sandstones 
has  often  been  altered  to  hematite,  while  preserving  its  crystalline  shape.'  Some 
considerable  masses  of  red  and  brown  ore,  as  for  instance  those  of  the  vicinity 
of  Ironton,  Sauk  county,  have  resulted  from  an  alteration  of  this  kind.  Pyrite 
is  also  widely  diffused  among  the  crystalline  schists  of  the  northern  part  of  the 
State,  in  which  it  occurs  in  more  or  less  minute  particles.  Such  disseminated 
pyrite  in  beds  of  gneiss  has  often  by  its  decomposition  brought  about  the  change 
of  the  gneiss  into  clay.  As  singularly  free  from  pyrite  may  be  mentioned  the 
rocks  of  the  Keweenawan  series  in  the  vicinity  of  Lake  Superior.  While  this 
mineral  has  in  a  few  rare  instances  been  noticed  in  little  transverse  veins,  and 
even  in  the  mass  of  some  diabases  of  the  series,  its  almost  universal  absence 
from  both  eruptive  and  sedimentary  members  is  very  striking.  Although  so 
widely  diffused,  pyrite  has  not  been  met  with  in  Wisconsin  aggregated  in  suffi- 
cient quantity  in  any  one  place  to  make  its  use  profitable. 

Pyrite  is  not  often  met  with  in  thin  rock  sections,  but  when  present,  produces 
an  entirely  opaque  section,  black  in  transmitted,  and  brassy  metallic-lustered 
in  refiected  light.  It  is  very  often  surrounded  by  a  halo  of  brown  iron  oxide, 
produced  by  its  alteration.  Pyrite  as  seen  in  the  thin  section  is  shown  in  Fig.  1, 
Plate  Xin  A,  and  Fig.  3,  Plate  XV  A,  VoL  IIL 

13.  Chalcopyrtte.  Copper  Pyrites  (CuFeS^  =  sulphur  84.9,  copper  34.6, 
iron  80.5=100).  Chalcopyrite  occurs  in  the  limestones  of  the  lead  region,  both 
as  an  associate  of  the  lead  ores  and  in  independent  limited  crevices,  as  for 
instance  in  the  immediate  vicinity  of  Mineral  Point.  <  This  chalcopyrite  is 
commonly  intimately  mixed  with  pyrite,  and  often  very  much  oxidized,  the 
result  being  a  crumbling  mixture  of  chalcopyrite,  pyrite,  brown  oxide  of  iron, 
malachite,  azurite,  and  cuprite.  To  the  north  of  the  lead  region,  in  the  lime- 
stones and  sandstones  of  Richland,  Sauk,  and  Vernon  counties,  chalcopyrite  has 
been  met  with  in  similar  limited  crevices.  It  has  also  been  occasionally  noted 
in  minute  particles  among  the  crystalline  schists  of  the  northern  part  of  the 
State.  Although  a  number  of  tons  of  a  quite  rich  ore  have  been  raised  from  the 
crevices  near  Mineral  Point,  it  does  not  appear  probable  that  this  mineral  will 
ever  be  found  in  Wisconsin  in  sufficient  quantity  to  be  of  commercial  value. 

I  Vol.  m,  p.  »45. 

*  System  of  Mineralogy,  5th  edition,  p.  785. 
•Vol.  n.  p.  575. 

•  Vol.  n,  p.  741. 


814  MINERAI^  OF  WISCONSIN. 

14.  Marcastte.  White  Iron  Pyrites  (FeS,=8ulphur  53.8,  iron  46.7=100)k 
This  mineral  has  the  same  composition  as  pyrite,  from  which  it  differs,  howoTer, 
in  its  crystallization,  its  much  paler  color  as  seen  on  a  fresh  surface,  its  inferiox 
specific  gravity,  and  its  great  liability  to  decomposition.  It  is  an  abundant 
mineral  among  the  lead  mines  of  the  lead  region,  occurring  frequently  in  globa- 
lar  and  coxcomb  i  shapes.  It  is  also  met  with  in  fragments  in  the  lacustrine  claya 
in  the  vicinity  of  Lake  Michigan.^ 

15.  Arsenoptrite.  Mispickel.  Arsenical  Pyrites  (FeAsS=arsenic  46.0, 
sulphur  19.6,  iron  34.4=100).  As  mentioned  already,  arsenopyrite  has  beea 
detected  in  minute  particles  in  vein  quartz  from  Clark  county. 

16.  Tetrahedritb.  Gray  Copper  Ore  (CugSbtSy,  but  varying  greatly  in 
composition,  part  of  the  Cu  being  often  replaced  by  one  or  more  of  Fe,  Zn» 
Agti  Hg,  or  Co.  and  part  of  the  Sbt  by  Ast).  Gray  copper  in  small  quantities 
has  been  detected  in  small  transverse  veins  in  the  copper-bearing  rocks  of  Ash- 
land and  Douglas  counties,  but  it  is  a  very  rare  mineral  in  Wisconsin. 

17.  Halite.  Common  Salt  (NaCb=chlorine  60.7,  sodium  39.3=100).  Sodium 
chloride  is  of  course  widely  spread  in  Wisconsin  in  the  waters  which  reach  the 
surface  in  the  shape  of  springs*  As  a  solid  substance,  however,  its  only  known 
occurrence  is  in  the  shape  of  microscopic  cubes  contained  in  some  of  the  liquid- 
filled  cavities  of  the  quartz  of  granitic,  gneissic  and  other  rocks;  and  also 
in  the  quartz  of  certain  veins.  It  is  not  certain  thai;  these  crystals  are  always 
sodium  chloride;  they  may  also  be  at  times  chloride  of  potassium,  or  some  other 
alkaline  chloride. 

18.  Fluorite.  Fluorspar  (CaF,=fluorine  48. 7,  calcium  51. 3=100).  The  only 
occurrence  of  fluorite  yet  noted  in  Wisconsin  is  one  observed  by  myself  on  Bad 
river  in  Ashland  county.  At  the  falls  which  this  river  makes  in  the  southern 
part  of  T.  45,  R.  2  W.,  a  pinkish  granite  intersects  coarsely  crjstalline  gabbro 
of  the  Keweenaw  series.  The  fluorite,  in  minute  purplish  particles,  was  noted  in 
rare  and  small  nests  in  this  granite,  along  with  quartz,  calcitc,  and  ripidolite.' 
The  complete  absence  of  fluorite  —  which  is  so  common  an  associate  of  lead 
ores — from  the  lead  mines  of  Wisconsin  is  worthy  of  note. 

19.  Cuprite.  Red  Copper  Ore  (Cu20=oxygen  11.2,  copper  88.8=100).  Cu- 
prite occurs  in  small  quantities  as  one  of  the  results  of  oxidation  of  the  copper- 
pyrites  of  the  vicinity  of  Mineral  Point.  It  has  also  been  noted  in  small 
quantity  associated  with  native  copper  on  Left  Hand  river  in  Douglas  county.^ 

20.  Hematite.  Specular  Iron  Ore.  Red  Iron  Ore  (Fet03=oxygen  80, 
iron  70=100).  The  sesquioxide  of  iron  is  of  course  a  widely  diffused  mineral  in 
Wisconsin.  In  the  shape  of  the  metallic-lustered  or  specular  variety  it  is  met 
with,  for  instance,  in  small  nests  and  veins  in  the  quartzites  of  the  Baraboo  river 
region  of  Sauk  and  Columbia  counties,*  and  forming  the  larger  part  of  heavy 
layers  of  iron  ore  in  the  Penokee  region  of  Ashland  county,^  and  in  the  vicinity 

'Vol.  n,  p.  693. 

«  Vol.  U,  p.  28. 

•Vol.  m,  pp.  172-174. 

«  Vol.  U.  p.  28;  also  Dana's  Text  Book  of  Mineralogy,  p.  468. 

•  VoL  n,  p.  606. 

•  Vol.  m,  pp.  118-186, 156-168,  857-801. 
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of  the  Menominee  river,  in  Marinette  county  J  In  the  Penokee  region  the 
specular  oxide  is  often  intimately  mingled  with  magnetite,  these  two  minerals 
impregnating  layers  of  quartzose  schist  in  very  varying  proportions. >  Some- 
what similar  occurrences  are  to  he  observed  in  the  vicinity  of  Black  River  Falls, 
Jackson  county;  3  but  the  iron  oxide  ingredients  here  are  chiefly  the  red  hematite 
and  magnetite.  Red  hematite  in  greater  or  less  quantity  is  found  at  numerous 
places  in  the  State.  At  Iron  Ridge,  in  Dodge  county,^  where  it  sometimes  takes 
on  some  of  the  look  of  a  specular  hematite,  it  forms  the  principal  part  of  a  large 
deposit  of  iron  ore.  Mingled  with  the  brown  oxide  it  forms  the  principal  part 
of  the  iron  deposits  of  the  region  about  Ironton  in  Sauk  county.^  Its  occur- 
rence in  nests  and  fillings  of  small  cracks  in  the  Potsdam  and  St.  Peters  sand- 
stones, where  it  has  resulted  from  an  alteration  of  pyrite,  has  already  been 
noted.  0 

As  accessory  rock  constituents,  both  the  specular  and  red  varieties  of  hematite 
are  widely  diffused,  the  red  colors  of  all  kinds  of  rock  being  due  to  the  presence  of 
the  latter  variety.  The  red  hematite  is  especially  common,  however,  in  the  frag- 
mental  rocks,  such  as  sandstones  and  clays,  while  the  specular  variety  is  more 
especially  characteristic  of  the  rocks  of  crystalline  texture. 

As  seen  in  thin  sections  the  earthy  red  hematite  presents  itself  usually  as 
an  aggregate  of  fine  scales,  which  are  more  commonly  opaque  or  nearly  so,  but 
sometimes  transmit  a  red  light  in  very  thin  sections.  The  specular  hematite  is 
always  translucent  in  the  thin  section,  and  of  a  deep  blood  red  color.  It  often 
presents  itself  in  minute  hexagonal  scales.  A  representation  of  the  appearance 
of  the  earthy  hematite  in  the  thin  section  is  given,  Fig.  5,  Plate  XIX  A,  VoL 
III.    The  specular  variety  is  not  figured  in  these  reports. 

21.  Menaccanite.  Ilmenite.  Titanic  Iron  Ore.  ( (Ti  Fe)  gO,=Fe80„  with 
the  Fe  partly  replaced  by  Ti,  the  proportion  between  the  two  varying;  TiO,  10  to 
60  per  cent.).  Except  as  an  accessory  rock  constituent,  titaniferous  oxide  of  iron 
is  not  known  in  Wisconsin.  The  titanic  iron  commonly  so  called  is,  as  indicated 
above,  a  titaniferous  hematite,  with  which  mineral  it  coincides  closely  in  crys- 
tallization. But  magnetite  is  also  frequently  titaniferous;  and  when  occurring 
as  a  rock  constituent  is  more  commonly  so  than  not.  When  the  crystalline  out- 
lines are  apparent  it  is  easy  to  distinguish  in  thin  rock  sections  between  titanif^ 
erous  magnetite  and  titanic  iron  proper.  But  titaniferous  magnetite  is  commonly 
without  evident  crystalline  outUnes,  its  boundaries  in  rock  sections  being 
usually  formed  by  some  previously  crystallized  mineraL  Xt  is  thus  often  not 
possible  to  be  certain  whether  we  have  to  do  with  titaniferous  hematite  or  titanic 
iron  proper,  or  titaniferous  magnetite.  As  characteristic  for  titanic  iron,  as 
•compared  with  magnetite,  are  often  mentioned  in  the  books  a  peculiar  rod-like 
form  —  the  rods  being  often  aggregated  in  various  ways  —  and  a  gray,  translucent 
to  opaque  substance  which  frequently  surrounds  and  permeates  the  titanic  iron 
having  plainly  resulted  from  its  decomposition. 7  This  substance  is  supposed  to 
be  a  titan  ate  of  lime.  But  I  have  foimd  numbers  of  instances  in  which  both  rod- 
like  forms  and  gray  decomposition-product  occur  in  a  mineral  which  is  plainly 

titaniferous  magnetite,  and  not  titanic  iron  properly  so  called.    True  menac- 

— ^— — ^— — — ^-^— — ^^^— ^-^^^-^— ^— ^-^— ^^— — ^^— ^^^— ^^— — — ^^ 

>  Vol.  m.  pp.  437-534,  610,  617, 667-718. 

«  Vol.  Ill,  pp.  156-162. 

*Vol.n,  pp.  497,498. 

«  Vol.  n,  pp.  327-335. 

•Vol.  IV,  pp.  49-66.  j 

•ThisVol.,  p.  00. 

^  See  Wichmann  in  Vol.  m,  p.  610. 
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canite  then,  although  probably  existing  somewhat  abundantly  in  the  Wisconsin 
rocks,  has  not  been  certainly  proved  to  do  so.  If  we  extend  the  term  titanic  iron, 
however,  to  titanium-bearing  magnetite,  then  it  is  one  of  the  most  widely  dif- 
fused of  accessory  rock  constituents  in  the  State.^ 

As  a  rock  constituent  menaccanite  is  often  in  too  small  particles  to  be  distin- 
guished by  the  naked  eye;  when  the  particles  are  sufficiently  large,  however,  they 
are  seen  to  be  characterized  by  a  metallic  luster  and  iron  black  color.  As  seen 
in  the  thin  section,  menaccanite  is  characterized  by  its  complete  opacity,  black 
color,  metallic  luster  in  reflected  light,  its  hexagonal  outlines  when  in  distinct 
crystals,  its  rod-like  and  club-like  forms  under  other  circumstances,  and  its  tend- 
ency to  decompose  more  or  less  completely  into  a  grayish  cloudy  amorphous 
substance.  Titanium-bearing  magnetite  may  present  all  of  these  characters 
except  the  hexagonal  outlines.^ 

22.  Magnetite.  Magnetic  Iron  Ore.  (Fe3  04=FeO  +  Fe,08=oxygen  27.6, 
iron  72.4=100;  or  Fe^O,  68.97,  FeO  31.03=100.  The  iron  is  often  replaced,  how- 
ever, by  some  titanium  and  in  small  part  by  magnesium.)  Magnetite  occurs  in 
Wisconsin  both  as  the  principal  ingredient  of  certain  rock  beds  and  masses — 
which,  when  sufficiently  rich,  constitute  iron  ores — as  an  accessory  rock  ingre- 
dient, and  in  the  shape  of  a  fine  sand  on  the  beaches  of  the  great  lakes.  As 
instances  of  the  occurrence  of  magnetite  in  quantity  may  be  mentioned  the  great 
beds  of  magnetitic  quartz-schist  on  the  Penokee  iron  range  of  Ashland  county;  > 
the  Menominee  river  region  of  Marinette  county;  ^  and  the  Black  river  region  of 
Jackson  co\mty.<^    No  titanium  has  been  detected  in  any  of  these  magnetites. 

As  an  accessory  rock  constituent,  magnetite,  in  both  titanium-bearing  and 
titanium-free  varieties,  is  widely  diffused  in  Wisconsin,  occurring  both  in  the 
basic  crystalline  rocks  of  eruptive  origin  and  in  the  crystalline  schists.  It  is  also 
met  with  in  the  red  sandstones  of  the  vicinity  of  Lake  Superior.  When  the 
particles  of  magnetite  are  large  enough  they  may  be  recognized  by  their  black 
color  and  metallic  luster.  In  the  thin  section  magnetite  is  frequently  beautifully 
crystallized,  the  crystals  showing  the  various  forms  that  may  be  produced  by 
sections  in  various  directions  through  the  characteristic  octahedra;  the  more 
conmion  section  in  the  case  of  single  crystals  being  of  a  square  or  rhombic  shape. 
Often  the  crystals  are  grown  together  and  then  present  very  peculiar  and  char- 
acteristic zigzag  or  notched  outlines.  Magnetite  is  entirely  opaque  in  the  thin 
section,  appearing  perfectly  black  in  transmitted  light,  and  of  a  metallic  luster 
in  reflected  light.  Besides  occurring  as  an  original  rock  constituent,  it  is  often 
found  in  thin  rock  sections  under  conditions  that  show  its  secondary  production 
by  the  oxidation  of  the  iron  protoxide  of  augite  and  hornblende.*  A  good  idea 
of  the  appearance  of  the  crystalline-outlined  magnetite  may  be  obtained  in  Fig. 
2,  Plate  Xni  A,  Vol.  III.  Irregularly  outlined  titanium-bearing  magnetite  is 
shown  in  Figs.  1,  2  and  4,  Plate  XV  D,  Vol.  in. 

23.  RUTILE.  (TiOt=oxygen  39,  titanium  61=100.)  Rutile  is  known  among 
Wisconsin  minerals  only  as  a  microscopic  inclusion  in  the  quartz  of  gneiss, 

>  Dr.  Lapham  in  his  list  of  Wisconsin  minerals  (Vol,  n,  p.  28)  speaks  of  the  occurrence  of  mo* 
naccanite  in  the  quartzites  of  the  Baraboo  region  of  Sauk  coun^;  but  the  statement  lacks  coo- 
flnnation. 

«  Vol.  m,  pp.  87,  634,  etc. 

•Vol.  m,  pp.  118-186, 168-168,  248-801. 

«  Vol.  m,  pp.  487-506,  616-617,  667-689. 

•  Vol.  n,  pp.  498-499. 

•  VoL  in,  pp.  38,  etc. ;  Vol.  IV,  Part  VIL 
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granite,  and  similar  rocks.    This  rutile  presents  itself  in  the  shape  of  delicate 
black  needles  of  relatively  great  length,  i 

24.  Pyrolusite.  (MnO, -manganese  63.2,  oxygen  86.8=100.)  Pyrolusite  haa 
been  noticed  in  small  quantities,  only  occasionally  well  crystallized,  in  the  mag- 
netitic  schists  of  the  Penokee  range  of  Ashland  county.* 

25.  LiMONiTE.  Brown  Iron  Orb.  (H8Fe409=Fe,0,  85.6,  water  14.4=iron 
59.90,  hydrogen  1.60,  oxygen  88.50=100.)  Limonite  is,  as  usual  elsewhere,  widely 
spread  in  Wisconsin,  occurring  in  the  shape  of  nests  and  concretions  in  the 
various  limestone  and  sandstone  formations,  in  which  shape  it  is  commonly  the 
result  of  the  alteration  of  iron  sulphide;  as  the  principal  constituent  of  deposits 
of  '*  bog  iron  ore;  *'  as  a  prominent  constituent  of  the  so-called  **  soft  hematites  ** 
of  the  Menominee  region,  and  as  an  accessory  rock  constituent.  The  limonite 
nests  of  the  Potsdam  sandstone  reach  occasionally  a  sufficiently  large  size  to  give 
them  importance; '  they  commonly,  as  already  stated,^  contain  a  considerable 
proportion  of  hematite.  Bog  iron  ore  is  known  to  exist  underneath  many  of 
the  numerous  peat  marshes  of  the  State,  but  whether  it  will  prove  to  occur  in 
sufficient  quantity  to  be  used  as  an  ore,  remains  to  be  seen.  This  bog  ore  is  occa- 
sionally quite  pure  limonite,  and  is  again  largely  mixed  with  sand  brought  into 
the  shallow  lake  during  the  deposition  of  the  iron  oxide.^^ 

The  **  soft  hematites  "  of  the  Menominee  region  are  much  the  most  important 
of  forms  of  limonite  met  with  in  the  State.  Whether  they  owe  their  origin  to 
an  alteration  of  the  prevalent  magnetic  or  specular  ores,  or  to  a  direct  replace- 
ment of  some  of  the  other  mineral  ingredients  of  the  schists  in  which  they 
occur,  has  not  yet  been  determined.  * 

The  hydrated  oxide  of  iron  is  a  common  accessory  rock  constitutent.  As  the 
result  of  an  original  deposition,  however,  it  is  known  in  the  fragmental  rocks, 
such  as  conglomerates  and  sandstone,  the  yellow  and  brown  colors  which  so 
often  characterize  these  rocks  being  invariably  due  to  the  presence  of  this  oxide. 
Yellow  and  brown  sandstones  are  common  in  Wisconsin  in  the  Potsdam  and  St. 
Peters  sandstones.  ^  In  the  crystalline  rocks  limonite  is  nearly  always  plainly 
the  result  of  the  alteration  of  some  of  the  constituent  minerals.  As  seen  in  the 
thin  section,  limonite  presents  itself  as  a  pale  yellow  transparent  substance,  when 
exceedingly  thin,  from  which  condition  it  grades  through  various  shades  of 
brown  and  yellow,  and  various  degrees  of  translucency  to  a  nearly  black  color 
and  complete  opacity. 

The  minute  black  and  brownish- black  particles  which  occur  in  the  thin  sec- 
tions of  many  rocks,  in  which  there  is  a  felsitic  or  otherwise  imperfectly  individ- 
ualized matrix,  are  apparently  often  composed  of  hydrous  oxide  of  iron.  These 
particles  appear  often  also  to  be  of  anhydrous  or  red  oxide  of  iron,  but  all  are 
commonly  included  under  the  general  name  of  ferrite.^ 

26.  TURGITE.  (HtFe40,==FejO,  04.7,  HjO  5.3=100=iron  66.27,  oxygen  83.14, 
hydrogen  0.59=il00.)   .  Brooks  mentions  turgite  as  occurring  in  the  "soft"  or 


/ 


>  Vol.  IV,  pp.  661,  655-666,  687,  etc 
«  VoL  m,  pp.  m,  182, 184, 185. 
»  Vol.  rV,  pp.  4ft-66. 
«  Thia  Vol.,  p.  814. 

•  VoL  n,  pp.  635,  686. 

•Vol.  m,  pp.  500, 601,  502,  606,  610,  618,  684. 

»  Vol.  U.  pp.  259,  286,  287,  540,  646,  657,  660.  675,  eto. 

•  Vol.  IV,  pp.  CIO,  6Cj,  CC7,  676,  679. 
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brown  oree  of  the  Menominee  region.  ^    I  am  not  aware  of  its  occorrenco  els^ 
wheieu 

27.  Wad.  Boo  Manganese.  Strong  mentions  the  occurrence  of  a  brownish 
black  oxide  of  manganese  as  light  as  cork  in  crevices  in  the  Trenton  limestone 
of  the  lead  region. '  According  to  Lapham  the  cobaltiferous  variety  of  wad  or 
asbolite  occurs  also  in  Wisconsin,  but  he  does  not  mention  the  place.' 

28.  Quartz.  (SiOs=^zygen  53.33,  silicon  46.67=100.)  Quartz  is,  of  course,  the 
most  widely  diffused  mineral  in  Wisconsin,  occurring  as  a  prominent  constituent 
of  the  crystalline  schists  of  the  northern  part  of  the  State;  as  the  chief  and 
often  only  constituent  of  quartzite,  of  the  Potsdam  and  St.  Peters  sandstones, 
and  of  the  sand  of  the  drift,  besides  occurring  often  as  a  vein  constituent.  In 
the  shape  of  chert  this  mineral  is  also  widely  diffused  in  the  limestones  of  the 
southern  and  eastern  parts  of  the  State.  In  the  crystalline  condition  the  only 
very  noteworthy  occurrence  of  quartz  in  Wisconsin  is  among  the  quartzitcs  of 
the  Baraboo  region  of  Columbia  and  Sauk  counties,  especially  in  the  vicinity  of 
Devil's  lake  and  at  the  Upper  Narrows  of  the  Baraboo  river.  ^  Most  of  the  crys- 
tals of  the  Baraboo  region  are  small,  though  of  great  clearness  and  beauty; 
occasionally,  however,  they  reach  several  inches  in  diameter. 

Quartz  as  a  rock  constituent,  when  the  grain  is  sufficiently  coarse,  is  recog- 
nized by  its  very  light  color  or  complete  lack  of  color  —  the  colors  of  the  other 
minerals  showing  through  it — its  great  hardness  and  its  complete  lack  of  cleav- 
age. As  seen  in  the  thin  section  quartz  is  characterized  by  its  great  clearness 
and  freedom  from  decomposition,  by  its  brilliant  colors  when  examined  lx)t\veen 
crossed  nicol  prisms,  and  by  its  lack  of  cleavage.  Although  belonging  to  the 
hexagonal  system  of  crystallization,  it  does  not,  when  cut  parallel  to  the  basal 
plane,  become  dark  between  the  crossed  nicol  prisms  of  the  polarizing  micro- 
scope; but  in  a  well-made  rock  section  the  quartz  is  of  such  great  thinness  that 
this  peculiar  property  need  not  be  taken  note  of.  Very  characteristic  indeed  of 
quartz  in  rock  sections,  unless  these  are  of  extreme  thinness,  are  tlie  colored 
bands  forming  the  edges  of  the  particles.  These  bands  are  due  to  the  increas- 
ing thickness  of  the  particle  from  without  inwards.  For  the  most  part  the 
quartz  particles  of  crystalline  rocks  are  irregularly  outlined,  tlicir  boundaries 
being  formed  either  by  those  of  previously  crystallized  minerals,  or  by  the 
mutual  interruptions  of  the  quartz  particles  themselves.  Tlie  quartziferous  i)or- 
phyriea,  however,  carry  the  porphyritic  quartz  in  the  shape  of  distinctly  out- 
lined crystals.  These  crystals  present  the  ordinary  form  of  quartz,  that  is,  are 
hexagonal  prisms  terminated  at  either  end  by  right  and  left  rhombohedra.  But 
the  terminal  planes  in  these  quartzes  commonly  predominate  greatly  over  the 
prismatic,  and  not  unfrequently  the  latter  are  entirely  wanting.  In  the  latter 
case  the  section  is  one  of  a  rhombohedron  only,  that  is,  is  foursided,  and,  since 
the  rhombohedral  angle  is  not  far  from  90**  (94*  15'),  is  often  not  far  from  a 
square.  When  the  section  is  sufficiently  thin,  these  square  or  diamond-shaped 
areas  will  become  dark  between  the  crossed  nicol  prisms,  when  either  diagonal 
of  the  square  corresponds  with  the  cross  hair  of  the  microscope;  that  is,  with  a 
nicol  plane. 

« Vol.  m,  p.  coo. 

•VoLU,  p.  093. 

•  Vol.  U,  p.  28. 

«Vol.II,pp.606,500,61flL 
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The  particles  of  the  quartz  of  the  various  rooks  of  which  it  forms  a  oonstitaent 
often  plentifully  supplied  with  microscopic  inclusions.  Most  common  among 
these  inclusions  are  minute  cavities,  which  are  either  empty  or  partially  or  com- 
pletely filled  with  some  liquid  or  gas.  The  liquid  seems  often  to  be  pure  water, 
while  in  other  cases  it  is  water  holding  carbonic  acid  in  solution,  or  is  simply 
liquid  carbonic  acid,  or  again  is  a  supersaturated  solution  of  chloride  of  sodium 
or  potassium,  in  which  case  minute  transparent  cubic  salt  crystals  may  some- 
times be  seen  with  a  high  power.  In  theee  liquids,  bubbles  are  sometimes  percep- 
1  tible,  and  these  are  often  movable,  being  displaced  by  turning  or  heating  the 
'  section,  while  at  other  times  they  have  a  spontaneous  motion.  ^  These  liquid- 
filled  cavities  are  commonly  oval  in  outline,  but  often  they  are  very  irregular, 
and  even  branching;  other  very  common  inclusions  are  colorless  needles  of 
apatite,^  leaves  of  mica,^  hematite,^  crystals  of  magnetite,^  and  needles  of  rutile.* 
The  quartz  crystals  of  the  quartziferous  porphyries  also  often  include  particles 
of  the  felsitic  or  devitrified  matrix,  and  also  particles  of  pure  glass,  or  only  par- 
tially devitrified  glass.  The  glass  inclusions  have  often  a  quite  perfect  crystal- 
line outline  corresponding  in  boundaries  and  axial  position  with  the  crystals  in 
which  they  occur."' 

The  chert  of  the  various  Silurian  and  Cambrian  limestones  in  the  southern  and 

eastern  parts  of  the  State  is  silica  or  quartz  in  an  amorphous  and  concretionai^y 

form.    Presumably  it  is  of  organic  origin,  but  microscopic  observations  are 

needed  to  prove  its  character.    The  silica  of  these  concretions  is  more  or  less 

completely  dehydrated  colloid  silica.     A  similiar  silicious  material  is  met  with 

among  some  of  the  schists  of  the  Huronian  of  the  Menominee  region.     The 

amorphous  forms  of  silica  are  more  widely  distributed  among  the  crystalline 

schists  than  is  commonly  supposed,  and  need  further  investigation. 

Illustrations  of  the  appearance  of  quartz  as  a  rock  constituent,  in  tho  thin 

,    section,  are  given  at  Fig.  2,  Plate  XII  A;  Fig.  2  of  Plate  XIII  A;  Figs.  5  and  6  of 

.   Plate  XV  A;  Figs.  1  and  2  of  Plate  XV  C;  and  Figs.  5  and  6  of  Plate  XIX  A  — 

all  in  Vol.  Ill  of  this  series. 

29.  Enstatite.  Bronzite  (Mg  SiOjr^silica  60,  magnesia  40=100;  but  the  mag- 
nesia is  often  in  part  replaced  by  iron  protoxide).  This  mineral  is  known  in 
Wisconsin  only  as  a  constituent  of  some  unusual  rocks  of  the  Upper  Wisconsin 
valley,  and  even  in  them  has  not  been  certainly  distinguished  from  liypersthene. 
Externally  these  two  minerals  are  much  like  one  another  and  the  resemblance 
remains  in  the  thin  section.  Both  are  orthorhombic  in  crystallization,  and  both 
commonly  present  sections  in  which  one  cleavage  is  very  strongly  pronounced. 
When  this  cleavage  is  laid  parallel  to  either  cross-hair  of  the  polarizing  microscope, 
sections  of  enstatite  and  hypersthene  are  always  dark  between  the  crossed  nicols. 
Hypersthene  is  somewhat  less  strongly  dichroic  than  enstatite,  and  this  prop- 
erty helps  sometimes  to  distinguish  between  them.  Externally  enstatite  is  rec- 
ognized in  rocks  of  which  it  forms  a  constituent  by  its  olive-green  to  brown  color, 
its  easy  cleavage,  the  peculiar  metalloidal  luster  of  the  cleavage  surfaces  in  some 
varieties,  and  its  considerable  hardness.  Sections  of  enstatite  examined  in  the 
ordinary  light  present  usually  a  pale  brownish  or  greenish  color. 

>  Vol  n,  pp.  633, 641  etc. ;  Vol.  IH,  pp.  25J4,  »49,  235,  268,  600,  etc. 

*  Vol.  m,  pp.  96,  647,  etc. ;  Vol.  IV.  pp.  638,  631,  683,  662,  685,  ©to. 

•  VoL  m,  p.  614;  Vol.  IV,  p.  685. 
<Vol.  m.  p.  685. 

•VoL  m,  pp.  109,  614,  etc. 
}        «  VoL  IV,  pp.  651,  655-656,  687,  ela 
'        »  Vol.  IV,  p.  686. 


820  MIKERALS  OF  WISCONSIN. 

80.  HYPERgTHENB.  ( (Mg  Fe)8iO,.  If  Fe:Mg::l  :2,  the  formula  requires  silica  54.8, 
ferrous  oxide  21.7,  magnesia  24.1=100.)  Hjpersthene  is  a  rare  mineral  in  Wis- 
consin, being  known  only  as  a  constituent  of  some  unusual  rock  yarieties.  It 
forms  a  large  proportion  of  a  norite  which  occurs  on  the  lower  part  of  the  Ean 
Claire  river  in  Marathon  county.  ^  Hjpersthene  is  recognized  macroscopically 
by  its  dark  brownish-green  to  greenish-black  color;  its  strong  single  deayage 
and  its  considerable  hardness.  In  the  thin  section  hypersthene  ranges  from 
nearly  colorless  to  grayish-green,  and  even  deep  yellow;  the  color  varying  with 
the  thickness  of  the  section,  with  the  direction  of  the  section,  and  in  hyper- 
sthenes  of  different  sections.  Placed  between  the  nicol  prisms  of  the  polarizing 
microscope,  hypersthene  is  always  dark  when  its  principal  cleavage  lines  are  par- 
allel to  either  cross-hair.  The  hypersthene  from  the  typical  region  in  Labrador 
shows  in  thin  sections  immense  numbers  of  minute  brownish  scales  laid  parallel 
to  the  principal  cleavage.  The  true  nature  of  these  scales  is  yet  unknown.  They 
are  found  also  in  the  Wisconsin  hypersthene  above  referred  to. 

81.  Pyroxene.  (R  Si  Oi.  R==two  or  more  of  Ca.,  Mg.,  Fe.,  Mn.,  and  these  are 
also  often  replaced  by  Al%,  Fe^,  Mn,,  one  or  alL)  Pyroxene  is  known  in  Wisconsin 
only  as  a  rock  constituent,  in  which  shape  it  is,  however,  one  of  the  most  im- 
portant of  Wisconsin  minerals,  presenting  itself  in  the  three  varieties  of  augite^ 
diaUoffe,  and  sahlite,  the  two  former  being  the  most  important 

Augite,  Aluminous  lime-magnesia  iron  pyroxene.  The  most  important  augite- 
bearing  rock  in  Wisconsin  is  diabase,  which  is  basic  in  composition;  but  augite 
also  occurs  in  acidic  rocks  in  Wisconsin,  as  well  as  elsewhere,  and  as  will  be  seen 
subsequently,  is  even  often  associated  with  quartz.  Such  an  association  was 
supposed  formerly  never  to  occur.  When  coarse  enough  to  be  seen  with  the 
naked  eye,  augite  as  a  rock  constituent  is  of  a  black  or  greenish-black  color  with 
cleavage  surfaces  nearly  at  right  angles  to  one  another;  but  conunonlyihese 
cleavages  cannot  be  seen  with  the  naked  eye,  when  it  becomes  very  difficult  and 
often  impossible  to  distinguish  augite  from  hornblende.  In  the  thin  section, 
however,  the  distinction  is  one  of  the  most  easily  made.  In  the  Wisconsin 
augitic  rocks  this  mineral  is  only  very  rarely  provided  with  distinct  crystalline 
outlines,  occurring  either  in  irregularly  rounded  particles  or  in  areas  whose  linear 
contours  are  determined  by  the  previously  crystallized  mineral.  In  color  the  thin 
section  of  augite  varies  from  almost  entirely  colorless  to  a  deep  reddish-violet, 
but  it  usually  presents  some  shade  of  violet  or  pinkish-violet.^  Augite 
is  without  dichroism,  and  hence,  when  revolved  on  the  stage  of  the  polar- 
izing microscope  with  only  the  lower  nicol  attached,  sections  of  augite 
present  no  change  in  color.  The  cleavage  lines  of  augite  as  seen  in  a 
section  x>&rallel  or  nearly  parallel  to  the  basal  planes  cross  one  another  nearly^ 
at  right  angles  (87i*  and  92^*)*  When  the  section  is  parallel  or  nearly 
parallel  to  the  vertical  axis,  the  cleavages  present  themselves  only  in  parallel 
lines.  In  general  the  sections  of  augite  show  the  cleavage  much  less  prominently 
than  those  of  hornblende,  and  often  the  section  is  traversed  only  by  a  few  irreg- 
ular rifts.  When  augite  occurs  in  distinctly  outlined  crystals,  or  presents  the 
cleavage  lines  very  prominently,  so  that  the  crystallographic  axial  directions 
may  be  readily  determined,  its  monoclinic  crystallization  is  easily  perceived. 
Sections  containing  the  orthodiagonal  present  a  dark  field  between  the  crossed 

nicols  when  that  axis  is  placed  parallel  to  a  cross-hair,  ^  whilst  all  other  sections, 

~ 

»Vol.  IV,  p.  W7. 

*  I  am  aware  that  in  works  on  litiiologj,  au^^te  sections  are  spoken  of  as  commonly  of  a  green- 
ish color,  but  so  far  as  my  experience  has  gone,  this  color  is  ahrays  connected  with  a  beginning 
molecular  change  to  the  uralitio  condition. 
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in  order  to  become  dark,  must  be  revolved  away  a  certain  distance  from  that 
position  in  which  the  crystallographic  axis  would  be  parallel  to  a  cross-hair. 
Except  in  those  few  positions  in  which  it  is  dark,  the  section  of  augite  when 
viewed  between  the  crossed  nicols  gives  brilliant  interference  colors.  Twinned 
particles  of  augite,  recognizable  as  such  by  their  giving  different  colors  on  oppo- 
site sides  of  a  straight  division  line,  are  often  met  with  in  thin  rock  sections. 
•  Augite  has  often  imdergone  much  alternation.  There  are  two  principal  forms 
of  alteration,  the  one  to  a  soft  green  hydrous  mineral  which  is  some  kind  of 
chlorite,  and  the  other  to  hornblende.  The  latter  of  these  alterations,  both  of 
which  are  often  found  almost  or  quite  complete  throughout  great  masses  of  rock, 
is  the  most  important  and  interesting  of  the  two.  This  change  is  a  molecular 
one  only,  being  unaccompanied  by  any  change  in  chemical  composition.  It  has 
long  been  known  that  hornblende  material  existed  with  the  external  form  of 
augite,  from  wliich  mineral  it  was  plainly  altered.  This  substance  Rose  called 
uralite,  from  its  being  found  in  some  of  the  rocks  of  the  Ural  mountains.  The 
application  of  the  microscope  to  the  study  of  rock  sections  soon  showed  that 
this  change  is  far  more  widespread  than  was  at  first  supposed.  The  generaliza- 
tion has  already  be^n  advanced,  in  fact«  that  all  the  hornblende  of  the  plainly 
eruptive  rocks  is  in  the  nature  of  uralite.  From  my  own  experience  with  the 
eruptive  rocks  and  the  crystalline  schists  of  the  Lake  Superior  region  and  North- 
em  Wisconsin,  I  am  led  to  conclude  that  none  of  the  hornblende  of  these  rocks 
is  original,  but  all  is  merely  altered  augite.  There  are  three  phases  which  this 
alteration  of  augite  into  hornblende  presents.  In  one  the  hornblende,  as  seen  in 
the  thin  section,  is  a  faLnt-greenisli,  delicately  fibrous,  not  very  strongly  dichroic 
material.  In  another  it  is  of  a  deeper  green  color,  more  strongly  dichroic,  with- 
out the  fibrous  structure,  and  affected  by  a  very  pronounced  prismatic  cleavage. 
In  the  third  phase  the  hornblende  section  ap{)ears  of  a  deep  brown  color,  and 
is  more  intensely  dichroic  than  either  of  the  othei^.  In  other  words  all  of  the 
three  kinds  of  hornblende  found  in  rock  sections  occur  at  times  with  augite 
cores.  The  hydration  of  augite,  above  mentioned,  by  which  is  produced  a 
chlorite  mineral,  has  often  been  preceded  by  the  simple  molecular  change  into 
hornblende. 

Augite  is  represented  rather  unsatisfactorily  in  Figs.  4,  5  and  6,  Plate  XV  D, 
VoL  in,*  exhibiting  in  the  last-named  figure  a  partial  change  to  a  chloritic  or 
viriditic  material.  At  Fig.  1,  Plate  XV  E,  in  the  same  volume,  augite  is  repre- 
sented in  the  shape  of  cores  of  uralite,  which  substance  is  still  further  altered 
to  greenish  chlorite.  The  most  prominent  augitic  rocks  of  Wisconsin  are  the 
eruptive  diabases  of  the  Keweenawan  i  and  Huronian  2  series. 

Diallage,  Foliated  Augite,  Diidlage  is  an  augite  in  which  there  is  developed, 
in  addition  to  the  ordinary  prismatic  cleavage,  a  much  more  perfect  one  parallel 
to  the  clino-axis,  as  a  result  of  which  its  sections  are  seen  to  be  traversed  by  ex- 
ceedingly strong  parallel  rifts.  Another  peculiarity  which  is  often  presented 
by  diallage  is  the  peculiar  pearly  or  metalloidal  —  sometimes  even  brassy  — 
luster,  which  marks  the  surface  of  its  characteristic  cleavage.  Otherwise  dial- 
lage is  much  like  ordinary  augite,  and  the  remarks  already  made  with  regard  to 
the  appearances  presented  by  altered  and  unaltered  augite  apply  equally  well  to 
diallage.  In  fact  there  are  passage  forms  between  the  two  pliases  which  would 
indeed  be  hardly  worthy  of  separate  notice  here,  but  that  the  diallage  forms  a 
prominent  constituent  of  a  typo  of  rock  which  has  received  a  special  name  of 


>  Vol.  m,  pp.  8-10,  31-35,  37-49,  183-103,  aSiKJAO,  331,  400-128,  etc 
•Vol.  m,  pp.  518-6iJl,  021-027,  091,  704. 
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its  own.  Tliis  rock  is  the  one  known  as  gabbro.  In  it  the  diallage  is  associated 
commonly  with  a  basic  feldspar,  and  also  at  times  with  olivine  or  chrysolite. 
This  rock,  which  is  nearly  always  strongly  characterized  by  its  coarse  grain,  has 
a  great  development  among  the  Keweenawan  rocks  of  the  northern  pUrt  of  the 
State.  1  Tlie  api)earanco  of  diallage  in  the  thin  section  is  represented  in  Fig.  2, 
Plate  XV  E,  Figs.  1  and  2,  Plate  XV  D,  and  (largely  altered  to  uralite)  Fig.  6, 
Plate  XV  C,  all  of  Vol.  III. 

Sahlite.  Lime-Magnesia-Iron  Pyroxene  ( (CaMgFe)  SiOa.  If  Ca  :  Mg  :  Fe :: 
4:3:1,  the  formula  corresponds  to  silica  53.7,  magnesia  13.4,  lime  24.9,  iron 
protoxide  8.00=100).  It  is  this  variety  of  pyroxene  which  is  especially  apt  to 
occur  in  the  crystalline  schists.^  At  several  places  in  the  Upper  Wisconsin  valley 
dark-colored  schists  are  found  in  which  the  only  prominent  constituents  are 
sahlite  and  quartz.  ^lany  of  the  hornblende  schists  of  the  sam3  region  contain 
more  or  less  sahlite,  and  it  may  be  confidently  asserted  that  in  all  of  the  horn- 
blende schists  of  this  region  the  hornblende  is  but  altered  augite  or  sahlite. 
Sahlite  macroscopically  is  often  not  distinguishable  from  augite,  though  com- 
monly affected  by  somewhat  paler  color.  Sahlite  in  the  thin  section  is  fre- 
quently colorless,  or  at  most  of  a  pale  green  color.  It  is  entirely  without 
absorption  or  dichroism,  but  produces  brilliant  colors  in  the  polarized  light.  Its 
particles  are  commonly  very  irregularly  shaped.  Not  un  frequently  they  are 
drop-like  in  form.  In  sahlite  there  are  also  often  recognizable  peculiar  cleavages 
parallel  to  the  basal  and  orthopinacoidal  planes. 

82.  Amphibole  (RSiOj.  R  may  correspond  to  two  or  more  of  Mg.  Ca.  Fe.  Mn. 
l^atK^Hj;  it  is  also  sometimes  replaced  by  AlsFecMn,;  the  Alg  and  Fe«  also  in 
part  replacing  Si).  The  amphibole  species  are  very  widely  spread  in  Wisconsin^ 
as  rock  constituents,  the  three  common  varieties  of  hornblende,  actinolite  and 
tremolite  all  being  met  with.  Of  these  the  first  named  is  very  much  the  most 
important,  while  the  tremolite  is  but  rarely  met  with. 

Hornblende,  Aluminous  magnesia-lime-iron  amphibole.  As  a  rock  con- 
stituent hornblende  appears  in  black  particles,  usually  possessed  of  a  strong 
luster.  When  very  fine  the  macroscopical  distinction  between  hornblende  and 
black  mica  is  a  difficult  one,  while  that  between  hornblende  and  augite  is  im- 
possible, unless  the  particles  are  sufficiently  large  for  the  characteristic  pris- 
matic cleavage  to  be  readily  seen.  In  augite  the  cleavage  angle  is  87'',  5',  while 
in  hornblende  it  is  124*,  36 .  As  a  rule,  however,  cleavages  cannot  be  seen,  and 
the  distinction  between  these  two  minerals  is  possible  only  with  the  microscope, 
and  so  true  is  this  that  all  conclusions  based  upon  macroscopic  distinction  be- 
tween these  minerals  as  rock  constituents,  made  before  the  day  of  microscopic 
lithology,  must  be  taken  as  wortliless.  It  was  formerly  supposed  that  augite  was 
the  rarer,  hornblende,  the  more  common  constituent.  But  it  is  now  known  that 
exactly  the  reverse  is  true,  while  of  the  hornblende  which  has  been  sliown  cer- 
tainly to  exist,  a  notable  proportion  is  known  to  be  merely  a  secondary  product 
from  the  alteration  of  augite.  This  matter  of  the  alteration  of  augite  into 
hornblende  has  been  referred  to  in  the  immediately  preceding  paragraphs.  It 
must  be  taken  as  an  open  question  whether  any  of  the  hornblende  found  as  a 
rock  constituent  is  of  primary  origin,  and  not  merely  the  result  of  the  alteration 
of  augite. 


>  Vol.  m,  pp.  10,  85, 168-188. 
•Wichmann,  VoL  m,  p.  0(Mw 
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Two  phases  of  hornblende  are  recognized  by  lithologists,  the  basaltic  and 
common  varieties.  The  basaltic  hornblende,  so  called  from  its  common  occur- 
rence in  eruptive  rocks,  is  highly  ferruginous,  and  yields  sections  which  are  of  a 
deep  brown  color,  and  are  very  absorptive  and  dichroic.  The  commoner  horn- 
blende sections  are  usually  of  some  shade  of  green,  varying  from  deep  green  to 
yellowish-green  and  bluish-green,  according  to  the  position  of  the  section  in. 
r*»gard  to  the  crystallographic  axes.  The  dichroism  of  the  common  hornblende 
varies  with  the  depth  of  its  color.  The  common  hornblende  also  as  a  rule  is 
made  up  of  more  or  less  imperfectly  aggregated  microliths,  the  edges  of  the 
particles  being  usually  ragged,  and  not  frequently  supplied  with  well  completed 
crystalline  outlines.  It  might  be  supposed  that  of  these  two  varieties  the  com- 
mon hornblende  would  be  more  likely  to  have  resulted  from  the  alteration  of 
aug^te,  but  I  have  met  with  numbers  of  cases  in  which  the  basaltic  hornblende 
also  has  evidently  had  this  secondary  origin.  Like  augite,  hornblende  is  mono- 
clinic  in  crystallization,  and  is  never  dark  when  a  crystallographic  axis  falls  to- 
gether with  the  cross  h$iir  of  the  microscope  except  when  the  section  holds  the 
orthoaxis.  The  interference  colors  of  hornblende  sections  are  not  so  bnlliant  as 
those  of  augite. 

Hornblende  is  liable  to  hydration,  and  a  change  to  a  soft  greenish  mineral,  but 
the  change  is  not  so  common  as  with  augite.  Connected  with  this  change  is 
often  a  separation  of  iron  oxide  in  the  shape  of  magnetite.  As  prominent  in- 
stances of  hornblende-bearing  rocks  in  Wisconsin  may  be  mentioned  the  hom- 
blendic  gneisses  ^  and  schists  2  and  the  so-called  **diorites"s  of  the  Menominee 
region;  the  hornblendic  schists  and  gneisses  of  the  Upper  Wisconsin  valley,*  and 
the  hornblende  granite  of  Wausau,^  in  which  the  hornblende  is  of  the  basaltic 
variety.  The  common  greenish  hornblende  is  figured  at  Fig.  1,  Plate  XII  A,  of 
Vol.  IIL 

Actinolite.  Magnesia-lime-iron  amphibole.  Actinolite  is  less  ferruginous 
than  hornblende.  It  appears  macroscopically  in  long,  pale  greenish  prisms 
which  in  the  thin  section  are  colorless,  or  nearly  so,  and  are  without  the  strong 
dichroism  characterizing  the  more  ferruginous  and  aluminous  amphiboles. 
Sections  cut  perpendicularly  to  the  main  axes  of  the  prisms  show  at  times  the 
same  strong  prismatic  cleavage  that  is  observed  in  hornblende,  but  oftener  there 
is  no  trace  of  this  cleavage  apparent.  Actinolite  is  not  a  very  common  rock- 
constituent  among  the  Wisconsin  rocks,  but  enters  into  the  composition  of  three 
types  of  rock  which  are  of  peculiar  interest,  because  of  their  association  with 
the  iron  ores  of  the  Huronian.  These  are  actinolite-schist  proper,^  actinolitic 
magnetite-schist  "^  and  gametiferous  actinolite-schist  or  eclogite-schist.s 

Tremolite.  Magnesia-lime  amphibole.  (  (CaMg)  SiOt,';  Ca:Mg::l:3;  silica 
57.70,  magnesia  28.85,  lime  13.35=:100.)  Tremolite  is  of  only  rare  occurrence  in 
Wisconsin  as  a  rock  constituent,  being  found  only  as  an  accessory  ingredient  in 
certain  crystalline  limestones  of  the  Huronian  series.^  Macroscopically  trem- 
olite differs  from  the  more  ferruginous  varieties  of  amphibole  in  completely 


» Vol;  m,  p.  631. 

•Vol.— ,  pp.  &40-Ct5. 

•Vol.  m,  pp.  027-030. 

«  Vol.  IV,  pp.  C,»,  637,  (K>4,  692,  OM,  702,  etc. 

•Vol.  IV,  pp.  6C1-0C3. 

•Vol.  ni,  pp.  577,  587,  630,  691,  698,  699. 

»  Vol.  ni,  pp.  482,  118-130,  oft^n  noted  617. 

•Vol.  m,  pp.  105,  118,  123,  151,  W9. 

•Vol.  m,  pp.  10<V-108,  Fig.  1,  Plate  XHI  A,  p.  61S, 
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lacking  the  dark  coloring,  ranging  from  white  to  transparent  or  colorless;  but 
in  the  few  Wisconsin  rocks  in  which  its  presence  has  been  noted,  it  is  too  fine  to 
be  observed  without  the  aid  of  the  microscope.  Tremolite  occurs  macroscopic- 
ally,  both  in  short  stout  crystals  or  in  aggregations  of  long  thin  fibrous  ones. 
The  latter  is  the  common  microscopical  mode  of  occurrence,  the  crystals  being 
quite  without  any  color.  ^ 

83.  Chrysolite.  Olivine.  Peridote.  ((MgFe)Si04.  Mg:Fe::12:l  orasO:! 
or  as  6: 1,  and  in  the  variety  hyalosiderite  as  2: 1.  If  Mg:  Fe::  12: 1,  the  formula 
requires  silica  41.39,  magnesia  50.90,  iron  protoxide  7.71=100;  but  the  Wiscon- 
sin chrysolites  appear  to  be  commonly  more  ferruginous  than  this.)  Chrysolite 
or  olivine  is  known  in  Wisconsin  only  as  the  constituent  of  certain  very  basio 
eruptive  rocks.  When  its  particles  are  coarse  enough  to  be  seen  with  the  naked 
eye  and  are  unaltered  —  neither  of  which  conditions  is  often  filled  in  the  Wis- 
consin rocks  —  they  present  themselves  in  the  shape  of  small,  yellowish-green, 
glassy,  imbedded  grains.  In  the  thin  section  unaltered  chrysolite  appears  in 
almost  colorless,  or  at  most  in  very  pale  greenish-tinted  areas,  which  only  rarely 
show  any  distinct  crystalline  outlines.  There  is  no  dichroism,  but  the  interfer- 
ence colors  are  brilliant. .  Olivine  yields  polished  surfaces  with  much  greater 
difficulty  than  other  rock  constituents,  its  sections  presenting  an  appearance 
something  like  that  of  ground  glass.  Olivine  sections  only  rarely  show  any 
cleavage  lines,  but  are  usually  traversed  by  strong  irregular  fissures. 

Along  the  lines  of  these  fissures  decomposition  has  in  most  cases  been  set  up. 
Of  all  rock  constituents  which  are  true  individualized  minerals,  olivine  is  the 
most  readily  decomposed;  this  ease  of  decomposition  resulting  from  the  larg^ 
content  of  iron-protoxide  and  relatively  very  low  content  of  silica.  So  easy  is 
this  decomx)osition  that  rocks  in  which  all  other  minerals  are  still  unscathed 
will  often  have  their  olivine  completely  changed.  Nevertheless,  there  are  num- 
bers of  cases  among  the  Wisconsin  rocks  in  which  the  olivine  is  almost  or  com- 
pletely fresh.  The  most  common  result  of  the  decomposition  of  olivine  is  the 
formation  of  yellowish-green,  finely  fibrous  seri^entine  along  the  fissures,  the 
fibers  lying  at  right  angles  to  the  surfaces  from  which  they  originated.  As 
the  alteration  proceeds,  this  fibrous  structure  extends  furtlier  inwards,  until  the 
whole  crystal  is  converted  into  a  mass  of  interlacing  and  contorted,  or  radially 
disposed  fibers  of  serpentine.^ 

The  change  from  olivine  to  serpentine  consists  not  only  in  the  hydration  of 
the  original  silicate,  but  also  in  the  more  or  less  complete  removal  from  the  com- 
bination, by  the  agency  of  percolating  carbonated  waters,  of  the  iron  protoxide. 
Often  this  oxide  has  left  no  trace  of  its  former  presence,  having  been  completely 
leached  out,  but  frequently  it  has  in  part  separated  out  in  the  form  of  the  per- 
oxide of  iron,  either  the  anhydrous  red  peroxide  or  the  brown  hydrated  perox- 
ide, and  cases  are  not  wanting  in  which  the  magnetic  or  protosesquioxide  has 
resulted  from  this  process. 

With  the  more  highly  ferruginous  olivines  the  deposition  of  iron  peroxide 
has  been  greater,  and  often,  instead  of  the  greenish  serpentine,  the  decomposition- 
result  bordering  the  fissures  or  completely  replacing  the  original  olivine  is  the 
oxide  of  iron.  In  fact  this  form  of  alteration  is  more  common  among  the  Wis- 
consin olivine-bearing  rocks  than  the  change  into  serpentine,  though  marked 

*  In  Vol.  ni,  tremolite  is  mentioned  in  several  places  as  a  constituent  of  certain  magnetite 
schists  (pp.  I'^l,  2-20,  etc.),  but  what  was  taken  for  tremolite  in  these  rocks  should  more  properly  be 
re(,'arded  as  actinolito  which  commonly  also  presents  colorless  sections. 

*The  Study  of  Rocks,  by  Frank  Rutley,  p.  11& 
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instances  of  the  latter  change  are  met  with.i  Other  forms  of  the  alteration  of 
olivine  occur  among  the  Wisconsin  rocks.  In  the  melaphyrs  ^  of  the  Keweenaw 
series  of  Lake  Superior  region,  for  instance,  the  olivine  is  often  in  large  measure 
replaced  by  a  soft  greenish  substance,  in  the  nature  of  a  chlorite;  while  in  some 
of  the  coarse  gabbros  of  the  same  region  a  change  into  biotite,  viridite,  talc,  and 
magnetite  has  been  observed,  first  by  Julien.' 

As  instances  of  olivine-bearing  rocks  in  Wisconsin  may  be  mentioned  the 
black  olivine-diabase  intersecting  gneiss  at  Grand  Rapids  on  the  Wisconsin 
river;  *  the  peridotite  —  almost  wholly  altered  to  serpentine  —  of  the  upper 
Wisconsin,  a  short  distance  below  the  mouth  of  Copper  river,*  and  the  melaphyrs  • 
and  gat>bro8  7  of  the  Lake  Superior  region.  Olivine,  in  a  fresh  condition,  is 
represented  in  Figs.  1  and  2  of  Plate  XV  D  of  Vol.  HI;  altered  to  a  greenish 
substance,  at  Fig.  4  of  the  same  plate;  altered  to  a  greenish  substance  and  mag- 
netite, at  Fig.  6  of  the  same  plate;  partly  fresh  and  partly  altered  to  oxides  of 
iron,  and  surrounded  by  a  shell  of  talc  scales,  at  Fig.  2,  Plate  XV  E,  and  altered, 
to  oxide  of  iron,  biotite,  viridite,  and  talc,  at  Fig.  1,  Plate  XXIT,  VoL  IIL 

34.  Garnet  (RgSijOn.  R=rCa,  Mg,  Fe,  or  Mn).  Garnet  is  not  a  common  min« 
eral  in  Wisconsin,  occasionally  occurring  as  an  adventitous  constituent  of  certain 
gneisses,^  and  as  an  essential  constituent  of  some  unusual  schists  of  the  Huro- 
nian  ^  series.  When  large  enough  to  be  i)erceptible  to  the  naked  eye,  garnet  par- 
ticles are  recognized  by  their  red  color,  common  translucency  and  regularly 
outlined  crystalline  forms,  the  forms  being  the  dodecahedron  and  tetragonal 
trisoctahedron  of  the  hexagonal  system.  In  the  thin  sections  garnet  forms 
grains  which,  though  sometimes  almost  colorless,  generally  show  a  very  charac- 
teristic pale  red  or  pinkish  color.  This  peculiar  color,  together  with  their  isotropic 
behavior  —  i.  e.,  their  remaining  dark  in  all  positions  between  the  crossed  nicols 
of  the  polarizing  microscope  —  make  the  recognition  of  garnet  sections  a  very 
simple  matter.  The  garnet  grains  are  often  only  irregularly  outlined,  but  at 
times  the  microscopic  garnet  particles  show  the  same  crystalline  forms  that 
are  evident  macroscopically  in  the  larger  crystals.  Garnet  sections  are  fre- 
quently charged  with  minute  inclusions  —  especially  magnetite,  actinolite  and 
quartz  —  and  are  commonly  strongly  fissured  in  irregular  rifts.  Cleavage  cracks, 
however,  are  entirely  wanting  in  garnet.  The  garnet  material  is  usually  with- 
out sign  of  decomposition,  but  a  very  interesting  change  of  garnet  into  chlorite 
and  magnetite  has  been  observed  in  the  Huronian  schists  of  Michigan, ^o  and  the 
same  change  might  be  expected  in  Wisconsin.  At  Figs.  1  and  2,  Plate  XV  A, 
Vol.  Ill,  are  represented  sections  of  garnet  from  a  schist  occurring  at  Penokee 
Gap,  in  Ashland  county.  In  the  second  one  of  these  figures,  the  garnet  is  pene- 
trated by  needles  of  actinolite. 

85.  Zircon  (ZrSi04=silica  33,  zirconia  67=100).  Zircon  is  known  in  Wisconsin 
only  in  the  shape  of  a  microscopic  accessory  constituent  in  certain  actinolite- 

>  Vol.  IV,  pp.  702,  711. 
•Vol.  ni,  p.  32. 

•  Vol.  m,  p.  235. 
•Vol.  IV,  b.63S. 
•Vol.  IV,  pp.  702,  711. 

•  Vol.  tU,  pp.  32-33. 
'Vol.  rU.pp.  1(»-183. 

•  Vol.  IV,  pp.  500,  507,  606. 

•  Vol.  m,  pp.  105,  118, 123,  151,  M9. 

*•  R.  Pumpelly,  Am.  Jour.  Sci.,  m,  Vol.  X,  p.  17. 
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schists  and  other  rocks  from  the  Menominee  river  region,  its  existence  in  these 
rocks  having  been  first  detected  by  Dr.  Wichmann.1  In  the  thin  section 
zircon  is  recognized  cliiefly  by  its  almost  invariable  occurrence  in  sharply 
outlined  crystals  bel'>pging  to  the  tetragonal  system  and  its  extraordinary 
power  of  refracting  light.  The  crystals  are  square  prisms  terminated  by 
the  square  pyramid,  and  in  section  are  recognized  as  tetragonal  by  their  giv- 
ing square  transverse  sections,  and  always  remaining  dark  between  crossed  nicols, 
and  by  the  fact  that  all  other  sections  are  dark  only  when  tlie  edges  of  the 
prism  coincide  in  direction  with  either  cross-hair  of  the  microscope.  The 
very  strong  refractive  power  of  zircon  is  shown  by  the  peculiarly  brilliant  colors 
■which  it  gives  in  polarized  light.  The  color  of  a  section  of  zircon  is  very  varia- 
ble, as  is  the  case  also  of  the  external  color  of  large  sized  crystals.  The  deeper 
colored  crystals  show  strong  dichroism,  while  the  lighter  colored  ones  are  without 
this  property.  According  to  Wichmann  zircon  occurs  microscopically  in  twin 
crystals,  and  also  in  crystals  which  have  interrupted  one  another  in  such  a  way 
as  to  obscure  the  crystalline  outlines.2 

86.  Epidote  (H,Ca4(AlgFej)3Si«OafiO).  Epidoto  is  not  an  uncommon  mineral 
in  Wisconsin,  especially  in  the  Lake  Superior  region.  It  occurs  chiefly  in  the 
form  of  an  alteration-product  of  some  of  the  constituents  of  the  diabases  of 
the  Keweenaw  series,  and  sometimes  large  bodies  of  rock  have  been  replaced 
almost  entirely  by  this  mineral.  In  this  form  it  is  never  in  distinct  crystals. 
Crystals  of  epidote,  however,  do  occur  lining  the  cavities  of  some  of  the  amyg- 
daloids  of  the  Keweenaw  series.  Macroscopically  epidote  is  easily  recognized 
by  its  peculiar  yellowish- green,  or  pistachio-nut  color.  In  tlie  thin  section  it 
forms  pale  yellowish-green  to  nearly  colorless,  irregularly  outlined  grains,  which 
occupy  the  places  of  some  of  the  original  rock  constituents,  especially  augito. 
A  cleavage  in  one  direction  is  often  marked  by  numerous  cracks.  Epidoto  sec- 
tions polarize  with  very  brilliant  colors,  and  since  there  is  little  or  no  dichroism 
observable,  may  sometimes  bo  mistaken  for  sections  of  sahlitc,  but  the  cleavage 
lines  of  epidote,  and  their  relation  to  the  optical  axes,  and  more  especially  the 
imiversal  occurrence  of  epidote  as  a  secondary  product,  make  the  distinction 
between  these  two  minerals  easy  on  close  inspection. 3 

87.  BiOTiTE.  Black  Magnesia-Iron  Mica.  Uniaxial  Mica.  (RiSiO.4. 
XtuKjNajLig  Fe.  Mg.  Ca.,  and  is  also  replaced  by  AlaFca,  silica  36  to  44.50;  alu- 
mina 11.50  to  21.50;  iron  peroxide  2.50  to  27.00;  iron  protoxide  00  to  21.00;  magne- 
sia 5.00  to  26.00;  lime  00  to  3.00;  potash  1.00  to  11.50;  soda  00  to  3.00.)  Biotite  is  a 
wide-spread  mineral  in  Wisconsin,  occurring  as  an  essential  constituent  of  many 
granites,  gneisses  and  mica-schists,  and  as  a  frequent  accessory  in  many  other 
kinds  of  rocks.  It  is  a  far  more  abundant  mica  than  muscovite  in  Wisconsin. 
Macroscopically  biotite  is  easily  recognized  by  its  deep-black  color,  and  eminent 
basal  or  micaceous  cleavage.  When  present  at  all  plentifully  it  proiluces  a  dark 
shade  in  the  rock,  being  one  Of  the  three  minerals  —  biotite,  hornblende,  au- 
gite —  which  commonly  produce  dark-colored  rocks.  Biotite  is  never  observed 
jn  distinctly  outlined  crystals  in  Wis  consin  rocks,  but  forms  ragged  edged  folia. 
In  the  thin  section  it  is  characterized  by  its  peculiar  yellowish  to  dark-brown 
color;  strong  cleavage  rift«  in  one  direction,  and  very  marked  dichroism  and 
absorption.    The  cleavage  cracks  being  parallel  to  the  basal  plane  are  not  ap- 

*  Vol.  m,  p.  009. 

•  Vol.  m,  pp.  609,  C34. 

*  Fur  descriptions  of  rock  sections  containing  epidote,  see  Vol.  m,  pp.  87,  41,  48,  421,  088. 
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parent  in  a  basal  section,  which  section  moreover  is  without  dichroism.  Since 
biotite  is  optically  uniaxial,  sections  which  show  the  basal  cleavage  will  be  dark 
between  the  crossed  nicols  only  when  the  cleavage  directions  correspond  with 
either  cross-hair,  while  basal  sections  remain  dark  throughout  the  entire  revolu- 
tion; these  optical  properties,  along  with  the  lack  of  cleavage  in  tlie  basal  sec- 
tions, serving  to  distinguish  it  from  brown  or  "  basaltic  "  hornblende  which  it  at 
times  somewliat  resembles.  Biotite  is  so  wide-spread  a  mineral  among  Wiscon- 
sin rocks  that  it  is  not  possible  to  list  here  its  principal  occurrences.  A  number 
of  sections  containing  it  will  be  found  described  in  Vols.  Ill  and  IV.  Figures 
of  thin  sections  of  biotite  are  given  at  Figs.  1,  2  and  6  of  Plate  XV  D,  VoL  IIL 

38.  Muscovite.  Potash  Mica.  Biaxial  Mica.  (KjAljSiaOs,  but  with  the 
alumina  generally  replaced  by  some  iron  peroxide,  and  the  potash  by  a  little 
magnesia,  lime,  and  soda.)  Muscovite  occurs  in  Wisconsin  as  an  essential  con- 
stituent of  certain  granites,  gneisses  and  mica-schists,  but  almost  invariably 
along  with  and  subordinate  to  biotite.  Macroscopically  muscovite  is  character- 
ized by  its  pale  color,  which  ranges  from  white  through  various  shades  of  yellow 
and  brown,  its  deeper  brown  and  yellow  colors  accompanying  a  certain  amount 
of  decomposition.  In  the  thin  section  muscovite  forms  thin  colorless  folia  and 
scales,  which  polarize  brilliantly,  and  are  generally  strongly  characterized  by 
abundant  basal  cleavage-cracks.  As  instances  of  muscovite-bearing  rocks  may 
be  mentioned  certain  mica-schists  of  the  Menominee  region,  i  and  certain  gran- 
ites and  gneisses  of  the  Upper  Wisconsin  valley.^ 

89.  Wernertte.  Scapolite.  ( (CaNat)  AlgSiaOg.)  Foster  and  Whitney  re- 
port the  existence  of  scapolite  at  the  Twin  falls  of  the  Menominee  river.'  It 
has  not  been  observed  elsewhere. 

40  to  44.  Feldspars.  The  feldspars  are  of  course  of  the  very  first  importance 
among  the  crystalline  rocks  of  Wisconsin.  The  following  list  includes  all  of  the 
feldspar  species  whose  existence  in  Wisconsin  has  been  certainly  proven:  * 


Names. 

FORMULJE. 

Percentage   Composi- 
tions. 

Crystaltj- 
zation. 

Anorthitft  .  , » , 

CaAloSiaOg 

SiO«    43.1,    AloOa    86.8, 

Labradorite  . . 
Oligoclase  .... 

(CaNaj)  AlgSijOio.  ... 

(CaNa,)AlaSi,OM 

KaAlgSifiOii, 

CaO  20.1— 100 

SiOg    52.9,    Al^Oa    80.3, 

CaO  12.3,  NajO  4.5— 100 
SiOj    61.9,    Al.Oa    24.1, 

CaO  5.2,  Na.O  8.8— 100 
SiO,    64.7,    A'i^Oa    18.4, 

K,0  16.9— 100 

Triclinic 
Triclinic 
Triclinic. 

K.Al.SifiOifc 

Triclinic 

Orthoclase .... 

SiO,    64.7,    AUO3    18.4, 
K,0 16.9— 100 

'■-*"X**^»*-'*0^'  lo   •.•••••••• 

Monochnic 

The  species  are  all  silicates  of  alumina,  along  with  one  or  two  of  lime,  soda  and 
potash.    The  relation  of  bases  to  silica  varies  in  the  different  species,  which  thus 


» Vol.  m,  p.  6a4. 

•Vol.  IV,  pp.  628,  631-635. 
■  Geology  of  the  Lake  Superior  Land  District. 

^  In  Dr.  Lapham's  list  (Vol.  n,  p.  28),  albite  is  mentioned  as  common  in  Wisconsin,  but  while  11 
not  improbably  does  exist  here,  microscopic  researches  have  failed  to  establish  its  existence. 
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naturally  group  themselves  into  the  basic  and  acid  species,  and  those  which  are 
intermediate  in  composition.  Most  of  the  species  are  triclinic  in  crystallization, 
orthoclase  only  being  monoclinic.  Nevertheless  there  is  throughout  a  close 
fflomorphism,  and  a  general  resemblance  in  the  systems  of  occurring  crystalline 
forms.  1  The  tabulation  shows  also  the  relations  of  the  feldspars  as  to  composi- 
tion and  crystallization. 

Kacrosccplcally  the  feldspars  are  recognizable  in  rocks  by  their  pronounced 
cleavage,  pale  color  —  white,  gray,  flesh-pink,  flesh-red,  rarely  brick-red  —  and 
considerable  hardness.  In  cleavage  the  several  species  strongly  resemble  one  an- 
other, all  possessing  two  easy  cleavages  inclined  to  each  other  at  an  angle  of  90**  or 
Tery  near  90^.  In  the  triclinic  species,  one  of  these  cleavages  is  commonly 
marked  by  exceedingly  flne  striations,  due  to  a  repeated  twinning  process,  as  the 
result  of  which  the  crystal  is  made  up  of  innumerable  thin  laminae,  each  one  of 
which  occupies  a  position  which  is  crystallographically  180**  from  the  position  of 
the  adjoining  ones.  Since  these  laminae  are  parallel  to  the  second  cleavage,  the 
faces  produced  by  that  cleavage  are  without  striations.  Orthoclase,  on  the  con- 
trary, never  presents  these  striations,  although  it  is  often  affected  by  a  single  twin- 
ning, when  each  crystal  is  made  up  of  two  parts,  the  one  removed  180 "*  from  the 
position  of  the  other.  Often  the  cleavage  surfaces  of  orthoclase  imbedded  in 
granite  or  similar  rocks  will  show  plainly  by  the  way  in  which  the  light  is  reflected 
that  the  crystal  is  made  up  of  two  distinct  parts. 

But  commonly  the  distinction  between  the  triclinic  and  monoclinic  feldspars^ 
unless  the  rock  is  tolerably  coarse-grained,  is  macroscopically  very  difficult,  or  in 
fact  impossible.  In  the  thin  section,  however,  the  optical  properties  of  ortho- 
clase make  its  separation  from  the  triclinic  species  an  easy  matter.  The  peculiar 
laminated  structure  of  the  triclinic  species  due  to  repeated  twinning,  as  already 
explained,  becomes  especially  marked  and  prominent  in  the  polarized  light,  for 
now  each  crystal  appears  as  if  made  up  of  numerous  altemat.ng  bands  of  differ- 
ent colors.  The  colors  of  these  bands  will  depend  ou  the  thickness  of  the  sections 
and  the  jwsition  of  the  crystals  with  regard  to  the  planes  of  the  nicol  prisms 
attached  to  the  microscope;  but  a  thoroughly  good  section  will  show  the  bands 
without  color,  but  with  merely  different  shades  of  light  and  dark.  Since  the 
twinning  is  parallel  to  one  of  the  prominent  cleavages  of  the  feldspar  —  the 
brachypinnacoidal  —  sections  parallel  to  this  cleavage  will  show  no  banding;  but 
such  sections  will  be  but  few  in  a  random  section  of  the  rock,  and  since  all  other 
sections  show  the  banding,  the  triclinic  feldspars  are  very  readily  distinguished 
from  orthoclase.  Since  all  of  the  triclinic  feldspars  except  microcline  show  this 
banding,  the  distinction  between  these  species  is  not  always  easy  to  make,  and 
the  triclinic  feldspars  are  often  referred  to  in  rock  descriptions  under  the  general 
term  of  plagioclase.2 

A  very  beautiful  and  simple  method  of  separating  the  plagioclase  species  has 
been  devised  by  Des  Cloizeaux.  This  method  is  based  upon  the  optical  proper- 
ties of  the  twinned  feldspars,  and  requires  sections  made  parallel  to  the  easiest  or 
basal  cleavage;  but  such  sections  can  be  made  only  when  the  crystals  are  of  a 
certain  size,  a  condition  not  attainable  with  rocks  of  ordinary  coarseness  of 
grain.  Pumpelly  has,  however,  devised  a  modification  of  Des  Cloizeaux's 
method,  which  makes  it  applicable  to  random  sections.    It  is  not  possible  in  this 

« Text-Book  of  Mlneralosry,  E.  S.  Dana,  p.  297. 

•i.  e.,  feldspara  with  inclined  cleavages  in  contradistinction  to  orthoclase,  or  the  feldspar  wfth 
rectangular  cleavages.  The  term  plagioclase  has,  however,  been  used  to  cover  onlj  the  speciM 
Abradorite,  andesite  and  oUgoclase. 
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place  to  explain  the  optical  principle  upon  which  the  methods  of  Dos  Cloizcanx 
snd  Pumpelly  depend.  The  practical  application  of  the  latter  method,  however, 
is  so  simple  that  it  may  be  given  here.  The  first  requisite  in  making  the  deter- 
mination is  to  find  sections  of  the  feldspars  which  are  cut  in  the  zone  between 
the  plane  of  the  basal  cleavage  and  a  plane  parallel  to  the  orthoaxis  of  the  crys- 
tal. That  a  section  is  in  this  zone  is  determined  as  follows:  the  lines  between 
the  alternating  twinned  bands  of  the  feldspar  are  first  placed  parallel  to  one  of 
the  cross-hairs  of  the  polarizing  microscope,  the  nicols  prisms  being  adjusted 
exactly  in  place.  The  position  of  the  index  on  the  graduated  table  of  the  mi- 
croscope is  then  read  off.  The  stage  of  the  microscope  is  next  turned,  until  one 
Bet  of  bands  becomes  perfectly  dark.*  The  angle  being  read  off,  the  stage  is 
turned  in  the  other  direction,  until  the  other  set  of  bands  becomes  dark.  Should 
the  two  angles  thus  obtained  be  equal  or  nearly  so,  the  section  is  in  the  zone  re- 
quired. A  number  of  such  sections  having  been  found  and  measured,  should  the 
whole  angle  between  the  two  positions  at  which  the  alternate  bands  become 
dark  never  exceed  36®,  the  feldspar  may  be  taken  as  oligoclase;  should  they  never 
exceed  62"*,  as  labradorite;  and  as  anorthite  should  they  exceed  62**. 

The  only  defects  of  this  method  are  that  it  fails  to  discriminate  between  two 
kinds  of  feldspar  should  they  be  in  the  section,  and  that  since  in  some  sections 
the  feldspars  may  all  be  cut  so  as  to  give  the  lowest  angles  of  their  species,  the 
determination  may  in  that  way  be  rendered  imperfect.  So  far  as  my  experience 
has  gone  the  latter  one  of  these  defects  has  not  proved  to  be  of  much  account. 
It  has  also  been  my  experience  that  only  one  kind  of  plagioclase  is  usually  pres- 
ent, though  that  cases  exist  in  which  more  than  one  kind  is  present  has  been 
certainly  proved.  I  have  also  found  that  certain  peculiarities  of  appearance  are 
apt  to  characterize  sections  of  the  different  plagioclase  species.  Oligoclase  for 
instance  is  characterized  by  very  narrow  regular  lineations.  It  is  also  much 
more  apt  to  be  altered  than  is  the  case  with  labradorite  or  anorthite.  Labrador- 
ite on  the  other  hand  presents  less  regular  and  broader  banding  than  oligoclase, 
whilst  in  anorthite  the  irregularity  and  frequent  great  breadth  of  bands  reach  a 
maximum.  Both  labradorite  and  anorthite  frequently  show  one  set  of  bands 
very  broad  and  the  alternate  ones  exceedingly  narrow.  As  far  as  my  experience 
has  gone  labradorite  and  an  »rthite  are  far  less  liable  to  change  than  oligoclase, 
anorthite  being  especially  apt  to  occur  in  clear  unaltered  crystals. 

A  peculiar  change  sometimes  affecting  anorthite  and  labradorite  is  to  a  gray- 
ish non- translucent  aggregate  sometimes  called  saussurite.2 

Orthoclase  sections  are  without  the  repeated  twinning  characteristic  of  the 
triclinic  species.  They  not  unfrequently  show,  however,  a  twinned  structure, 
each  crystal  or  crystalline  particle  presenting  in  polarized  light  two  differently 
colored  bands.  When  the  section  approximates  to  parallelism  with  the  ortho- 
pinnacoid,  these  bands  occupy  each  a  half  of  a  crystal;  while  sections  parallel,  or 
nearly  so,  to  the  clinopinnacoid  show  no  banding.  Sections  of  such  t>vins  in  all 
other  directions,  however,  will  show  two  bands  of  unequal  size.  Orthoclase  has 
two  well-marked  cleavages,  one  parallel  to  the  basal  and  one  to  the  clinopinna- 
coid plane.  Basal  sections  will  become  dark  between  the  nicols  when  the  cleav- 
age is  parallel  to  the  cross-hair  of  the  microscope.  This  behavior  results,  of 
course,  from  the  monoclinic  crystallization,  and  sometimes  serves  as  a  means  of 
distinction  from  triclinic  feldspars,  in  which  the  positions  of  maximum  dark- 


'  The  use  of  the  quartz  plate  In  these  measurements,  as  ordinarily  recommended,  I  do  not  find  at 
an  necessary;  the  eye  quickly  becoming  able  to  detect  very  slight  changes  in  degree  of  daiimeas. 
•Vol.  m,  p.  663. 
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ness  and  parallelism  of  cleavage  to  the  cross-hair  never  correspond.  Orthoclase 
is  sometimes  met  with  interlaminated  with  a  triclinic  feldspar  in  a  very  regular 
manner.  Such  an  interlamination  with  albite  was  long  since  shown  to  be  true 
of  the  so-called  perthite  from  Perth  in  Canada  East,  and  I  have  noticed  some- 
thing of  the  same  kind  microscopically  in  some  of  the  gabbros  of  the  Keweenaw 
series  from  Ashland  county,  in  whicli  case,  however,  the  triclinic  feklspar  is 
labradodte,  and  the  included  orthoclase  is  present  in  but  very  small  quantity. 

Anotiier  very  peculiar  kind  of  interlamination  in  orthoclase,  first  described  by 
G.  W.  Hawes  i  as  occurring  in  the  rocks  of  New  Hampshire,  is  widespread  in 
the  orthoclases  of  the  Wisconsin  gneisses  and  granites.  The  orthocliise  which 
is  affected  by  this  peculiar  structure  presents  usually  no  peculiar  appearance  in 
the  ordinary  light,  but  between  the  crossed  nicol's  prisms,  is  seen  to  be  made  up 
of  a  great  number  of  irregular  laminaB  of  two  differeuw  colors.  These  laminae 
are  without  the  very  straight  bounding  lines  which  characterize  the  ordinary 
twinned  laminae  of  the  triclinic  feldspars,  each  little  band  commonly  running 
to  a  point  before  traversing  the  width  of  the  particle.  This  peculiar  structure 
Mr.  C.  R.  Vanliise  has  found  affecting  crystals  which  present  at  the  same  time 
to  a  greater  or  less  extent  the  cross-hatched  appearance  characteristic  of  micro- 
cline,2  and  he  thinks  that  he  has  found  indications  of  a  change  from  the  irregu- 
larly laminated  orthoclase  to  microUne.  But  a  satisfactory  explanation  of  this 
structure  has  not  yet  been  reached. 

Orthoclase  particles  are  commonly  without  good  crystalline  outlines  except 
when  occurring  as  porphyritic  ingredients  embedded  in  a  fine  ground- mass. 

A  marked  characteristic  of  all  of  the  orthoclase  of  the  old  crystalline  rocks 
is  its  tendency  to  decompose.  The  decomposition  results  in  the  formation  of 
minute  scales  of  kaolinite,  which  cloud  the  sections  of  orthoclase,  and,  when 
the  decomposition  is  carried  far,  rob  it  of  all  of  its  distinguishing  optical  prop- 
erties. Accompanying  this  decomposition  in  some  rocks  is  an  infiltration  of 
oxide  of  iron,  as  a  result  of  which  the  sections  are  more  or  less  completely  red- 
stained.  This  staining,  however,  is  not  to  be  confounded  with  the  pale  flesh- 
red  color  which  much  orthoclase  presents  macroscopically,  the  latter  color  being 
due  to  the  inclusion  of  iron  oxide  particles  within  the  feldspar  at  the  time  of  its 
crystallization.' 

Microline  was  first  fixed  as  a  species  by  Des  Cloizeaux  *  in  1876,  the  name  hav- 
ing been  previously  used,  however,  by  Breithaupt  for  a  mineral  wliicli  was 
afterward  proved  to  be  orthoclase.  The  so-called  amazon-stone,  commonly 
regarded  merely  as  a  green  variety  of  orthoclase,  is  microline;  but  the  microline 
occurring  as  a  rock  constituent  is  without  this  green  color,  presenting  on  the 
contrary  the  appearance  of  orthoclase.  Microscopically,  however,  the  sections 
of  microcline  are  strongly  characterized.  In  the  first  place,  its  sections  are  never 
dark  when  either  of  its  cleavages  correspond  in  direction  with  a  cross-hair  of 
the  microscope.  But  its  chief  peculiarity,  as  seen  in  the  thin  section,  consists  in 
its  double  system  of  repeated  twinning,  the  result  of  which  is  to  produce,  in 
the  polarized  hght,  the  appearance  of  numberless  lamina?  running  at  right  angles 
to  each  other.    According  to  Hawes  *  tliis  cross-hatched  microcline  occurs  also 


>  Geology  of  New  Hampshire,  Vol.  m.  Part  IV,  Mineralogy  and  Lithology,  p.  101. 

•  Vol.  IV,  p.  6C2. 
•Vol.  m,p.  GOl. 

*  The  microcline  of  Rosenbusch  (Mikroskopische  Physiographic  do  petrographisch  wichtigen 
Hineralien,  1873,  p.  833)  is  that  of  Breithaupt,  and  not  that  of  Des  Cloizeaux  and  of  these  reports. 

*0p.  cit.  p.  102. 
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inter-growQ  with  orthoclase,  and  this  association  has  also  been  noticed  in  the 
"Wisconsin  rocks. 

The  several  feldspars  differ  among  themselves  with  regard  to  the  minerals  with 
which  they  occur  associated  as  rock  constituents.  Thus  anorthite,  the  most 
basic  of  the  feldspars,  associates  with  olivine,  augite,  or  diallage  and  magnetite, 
to  make  the  vdtra-basic  varieties  of  gabbro  and  diabase.  It  is  rarely  if  ever  as- 
sociated with  orthoclase  —  the  most  acid  of  the  feldspars — or  with  quartz. 
The  association  of  anorthite  with  secondary  quartz,  L  e.,  quartz  resulting  from 
the  alteration  of  some  of  the  rock  constituents,  is  not  really  an  exception  to 
this  rule.  Labradorite  follows  much  the  same  rale  as  anorthite,  though  not  un- 
frequently  occurring  along  with  orthoclase.  Oligoclase  on  the  other  hand  is 
frequently  associated  with  orthoclase  and  with  quartz;  while  the  association  of 
orthoclase  with  quartz  is  the  rule,  and  their  separation  the  exception. 

The  feldspars  are  so  widely  spread  in  the  Wisconsin  rocks  tliat  only  a  very 
few  instances  of  their  occurrence  can  be  mentioned  here.  Anorthite  occurs, 
especially  in  the  coarse  gabbros  ^  afld  melaphyrs'^  of  the  Keweenaw  series,  in  the 
northern  part  of  the  State.  Labradorite  is  found  especially  in  some  of  the 
coarse  gabbros  of  the  same  region.  Oligoclase  characterizes  especially  the  fine- 
grained diabases  ^  of  the  Keweenaw  series,  besides  all  of  the  gneisses  of  the 
Laurentian,  for  instance  those  of  Grand  Rapids.*  Orthoclase  is  the  chief  con- 
stituent of  all  granites  and  gneisses  and  occurs  besides  as  a  subordinate  constit- 
uent in  many  other  kinds  of  rocks. 

The  appearance  of  the  thin  section  of  anorthite  is  figured  at  Fig.  2,  Plate 
XV  E;  of  labradorite  at  Fig.  8,  Plate  XV  A,  Figs.  1,  2  and  3,  Plate  XV  D,  and 
at  Figs.  1  and  2,  Plate  21;  and  of  orthoclase  at  Figs,  1  and  2,  Plate  XII  A,  and 
Fig.  2,  Plate  XV  C  —  all  in  Vol.  m. 

45.  Tourmaline  ((KaNa^HjXlVIgFe),  (AlaB^)3  Si+Oao)-  Tourmaline  is  known 
in  "Wisconsin  only  as  a  microscopic  accessory  ingredient  in  certain  rocks, 
although  its  presence  on  a  larger  scale  in  the  gneissic  and  granitic  regions  of  the 
State  might  well  be  suspected.  5  Iq  the  thin  section  it  appears  in  the  form  of 
long  or  short  crystals  of  a  bluish  gray  color,  possessing  an  extraordinarily 
strong  dichroism.  When  such  sections  are  examined  in  the  polarizing  micro- 
scope with  only  the  lower  nicol  attached,  inasmuch  as  tourmaline  belongs  to  the 
hexagonal  system,  they  will  be  light  colored,  when  the  longer  axis  of  the  crystal 
is  parallel  to  the  cross-hair  which  marks  the  plane  of  vibi*ation  of  the  lower 
nicol,  and  almoit  black  when  placed  at  right  angles  to  it.^  Basal  sections  of 
tourmaline  between  the  crossed  nicols  will  of  course  remain  dark  in  all  positions. 
Tourmaline  is  readily  distinguished  microscopically  from  other  strongly  dichroio 
minerals  by  its  lack  of  cleavage. 

Wichmann  has  detected  tourmaline  in  thin  sections  of  clay  slate,'  sericite- 
6chist,8  chlorite-schist,9  mica-schist,  lo  and  talc-schist  ii  —  all  from  the  Menominee 
river  region. 

»  Vol.  in,  pp.  lGS-183.  ~"~ 

«  Vol.  ni,  pp.  3:i-35. 

•  Vol.  m,  p.  32. 

•  Vol.  IV,  p.  Ci28,  631-G33. 

•  In  Lnpham's  list,  tourmaline  is  mentioned  as  occurring  at  the  outlet  of  Lac  Flambeau,  on 
Schoolcraft's  authority  (Vol.  II,  p.  29),  but  the  statement  lacks  confirmation. 

•  G.  W.  Hawes,  op.  cit.,  p.  105. 

•  Vol.  m,  pp.  051-053. 

•  Vol.  m,  p.  637. 

•  Vol.  m,  p.  W6. 
"  Vol.  Ill,  p.  634. 
"  Vol.  m,  p.  W8. 
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46.  Andalusite  (AlaSi05=8ilica  36.9,  alumina  63.1=100).  Andalusite  is  known 
in  Wisconsin  only  as  an  accessory  in  certain  mica  schists  of  the  Penokee  Huro- 
nian  belt.i  The  variety  of  andalusite  here  found  is  that  known  as  chiastolite, 
which  is  characterized  by  the  removal  and  replacement  of  more  or  less  of  the 
interiors  of  the  crystals.  These  crystals,  as  seen  in  the  rock  from  Bad  river  near 
Penokee  Gap,  in  Ashland  county,  are  from  one-fourth  to  one-half  inch  in  length, 
and,  usually,  one-sixteenth  of  an  inch  in  width.  When  broken  across  they 
present  a  rhombic  cross-section.  When  examined  with  a  magnifying  glass  these 
chiastolite  crystals  are  white  or  colorless,  or  somewhat  yellow  stained  along  the 
borders;  while  along  the  <?enter  they  all  present  a  decided  black  line.  The  black 
center  occupies  different  proportions  of  the  entire  width  of  the  crystal,  often 
having  the  merest  edging  of  undecomposed  material;  while  many  long  dark 
colored  spots  on  the  surface  of  the  rock  plainly  mark  the  positions  of  crystals 
which  have  been  entirely  replaced.  In  the  thin  section  these  crystals  present 
an  appearance  corresponding  to  that  given  to  the  naked  eye.  The  replacing 
materials  of  the  centers  of  the  crystals  are  seen  to  be  chiefly  brownish  biotite 
scales  with  a  smaller  quantity  of  carbon  particles.  2 

47.  Cyanite  (AlaSiOarrsilica  36.9,  alumina,  63.1=100).  Norwood  reports 
cyanite  at  Lac  Flambeau,  near  the  sources  of  the  Wisconsin  river, '  but  none  has 
been  observed  by  any  members  of  this  survey. 

48.  Datolite  (HaCa,BjSi,0,o=ailica  37.5,  boron  trioxide,  21.9,  lime  85.0, 
water,  5.6=100).  The  porcelain  like  variety  of  datolite  is  met  with  occasionally 
in  C/Onnection  with  the  Keweenawan  diabases  of  the  Lake  Superior  region. 

49.  TiTANiTE.  Sphkne.  (CaTiSiO«=silica  30.61,  titanic  oxide  40.82,  lime  28.57 
=:100.)  Titanite  is  a  not  very  uncommon  microscopic  accessory  of  certain  horn- 
blendic  rocks  and  gneisses  in  Wisconsin.  It  presents  itself  sometimes  in  rounded 
grains,  but  more  commonly  in  regularly  outlined  crystals,  which  are  not  unfre- 
quently  of  a  wedge-like  form.  The  color  is  greenish-yellow  to  yellowish-brown, 
the  substance  not  being  very  transparent,  thougli  remarkably  free  from  inclu- 
sions. Wicliraanu  finds  titanite  in  syenites  from  the  Menominee  region,*  while 
Mr.  Vanhise  finds  it  quite  often  in  the  gneisses  of  the  Upper  Wisconsin  valley. ^ 
In  some  cases  it  appears  as  the  result  of  a  molecular  change  of  the  peculiar  white 
decomposition-product  so  often  found  accompanying  titanic  iron. 

50.  Staurolite  (H2(MgFe)3Al,2Si6034;  if  Mg  :  Fe::l  :  3=silica  30.37,  alu- 
mina 51.92,  iron  protoxide  13.66,  magnesia  2.53,  water  1.52=100).  Staurolite 
occurs  in  Wisconsin  as  an  accessory  constituent  of  certain  mica-schists,  being  par- 
ticularly characteristic  of  the  mica -schists  of  the  Huronian.  Macroscopically 
the  staurolite  presents  itself  as  minute  brown  crystals  dotting  the  schist  planes. 
It  gives  deep  brown,  highly  dichroic  sections  which,  if  revolved  over  one  nicol, 
change  from  deep  brown  to  nearly  white  in  color.^  The  staurolitic  mica-schista 
of  Wisconsin  have  not  as  yet  been  examined  thoroughly  in  the  thin  section. 
Such  rocks  occur,  according  to  Brooks,  in  the  Huronian  of  the  Menominee  re- 
gion,''  and  I  have  myself  seen  specimens  of  staurolitic  mica-schist  from  the  north- 
em  part  of  Shawano  county. 

>  Vol.  in,  pp.  143,  229. 

•  a.  a.  Julien,  Vol.  m,  p.  280. 

•  Geological  Survey  of  Wisconsin,  Iowa  and  Minnesota,  D.  D.  Owen,  p.  279. 
«  Vol.  m,  p.  620. 

•  Vol.  IV.  pp.  620,  632,  688,  634,  eta 

•  O.  W.  Hawes,  op.  cit  p.  111. 
«  VoL  m,  p.  496, 6S6, 660,  eto. 
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61.  Laumonttte  (CaAljSi^O,  is  +4aq=silica  50.0,  alumina  21.8,  lime  11.9,  water 
16.3=:100).  Laumontite  is  a  common  and  very  characteristic  mineral  among  the 
diabases  of  the  Keweenaw  series  of  the  Lake  Superior  region,  occurring  in  these 
rocks  in  vein  fillings,  in  fillmgs  of  the  steam-made  cavities  of  the  amygdaloids, 
and  as  a  substitution-product  for  the  body  of  the  rock.  It  is  in  all  cases,  how- 
ever, the  result  of  the  more  or  less  complete  alteration  of  some  part  of  the  rock 
with  which  it  occurs.  It  is  especially  associated  with  the  amygdaloids  whose 
large  content  of  glassy  matter  in  the  original  condition  has  rendered  them 
particularly  liable  to  change.  The  Wisconsin  laumontite  is  usually  closely  associ- 
ated and  interwoven  with  calcite.  Numerous  instances  of  the  occurrence  of  lau- 
montite will  bo  found  mentioned  in  Vol.  IHA 

52.  Chrysocolla  (CuSiOa  +  2aq^:silica  34.2,  copper  oxide  45.3,  water  20.5= 
100).  Chrysocolla  is  reported  by  Dana  *  as  occurring  with  malachite  near  Min- 
eral Point,  altliough  Strong  in  his  list  of  minerals  of  the  lead  region  >  does  not 
mention  its  occurrence. 

53.  Calamine.  Electric  Calamine  (Zn^SiO^  +  aq=silica  25.0,  zinc  oxide  67.5, 
water  7.5=100).  Strong  reports  calamine  as  occurring  near  Mineral  Point  in 
small,  drusy,  colorless,  vitreous  crystals,  coating  smithsonite.* 

54.  Prehnite  (CagAl^SiaO,, +ari=3illca43.6,  alumina  24.9,  lime  27.1,  water 
4. 4=100).  Prehuite  is  a  wide-spread  mineral  among  the  diabases  of  the  Ke- 
weenaw series  of  the  Lake  Superior  region,  occurring  in  these  rocks  both  as  a 
filling  of  the  amygdaloid  cavities,  and  as  a  replacement  of  the  feldspathic  con- 
stituents of  the  mass  of  rock.  Though  not  unfrequently  appearing  in  the 
amygdaloid  cavities  of  sufficient  size  to  be  readily  seen  with  the  naked  eye,  it  is 
more  wide-spread  in  particles  of  microscopic  size.  When  large  enough  to  be 
seen  macroscopicaily,  if  pure,  prehnite  is  characterized  by  its  light-green  colors, 
translucency  and  considerable  hardness.  In  the  thin  section  it  transmits  a 
whitish,  grayish,  yellowish,  or  greenish  color,  and  is  without  dichroism  or  ab- 
sorption. Its  double  refraction  is  very  strong,  the  colors  produced  being  often 
am  brilliant  as  those  of  quartz.  Numerous  instances  of  the  occurrence  of  prehn- 
ite will  be  found  given  in  Vol.  III.* 

55  to  60.  AroPHYLLiTE  (4  (H2CaSi2  06+aq)  +  KF=silica  52.97,  lime  24.72, 
potash  5.20,  water  15.90,  fluorine  2.10=100.89);  Natroltte  (NajALSigOjo  +  *aq= 
silica  47.29,  alumina  26.96,  soda  10.30,  water  9.45=100);  Analcite  (Na^Alj 
Si40ia  +  2aq=siliGa  54.47,  alumina  23.29,  soda  14.07,  water  8.17=100);  Ciiaba- 
zite  ((IIK)2CaAl2Si50i5+aq=silica  50.50,  alumina  17.26,  lime 9.43,  potash  1.98, 
water  20.83=100);  Stilbite  (H^RAl^SittQig +4aq);  Heulandite  (H^CaAl^Si- 
0,8+3aq=siUca  59.06,  alumina  10.83,  lime  7.88,  soda  1.40,  water  14.77=100). 
These  are  hydrous  silicates  which,  having  been  found  often  in  the  copper  mines 
of  Michigan,  may  be  expected  to  occur  also  among  the  Keweenawan  rocks  of 
Wisconsin,  and  this  is  especially  true  of  analcite  and  stilbite,  but  none  of  them 
have  as  yet  been  recognized. 

61.  Talc  (njMgaSi.Oi  2 -silica  63.49,  magnesia  31.75,  water  4.76=100).  Talc 
is  known  in  Wisconsin  especially  as  a  constituent  of  certain  unusual  schistose 


»  pp.  lS3-ia-),  a3G-350,  399-4tM. 

■  System  of  Mineralogj-,  5th  edition,  pp.  404, 783 


*  Vol.  U,  p.  G91. 
<  Vol.  II,  p.  093. 
•pp.  31-49,  183-195,  33fr-3o0,  399-428. 
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rocks.  Talcoso  schists  were  formerly  supposed  to  bo  very  abundant  rocks,  but 
as  the  schists  so-calle:i  are  more  closely  examined  chemically  and  microscopically, 
more  and  more  of  them  are  found  io  be  non-magncsian,  and  in  fact,  to  be  sericite 
schists,  or  hydro-mica  schists.  Instances  of  a  genuine  talcosc  schist  are  in  fact 
very  uncommon.  According  to  Wichmann,  Brooks,  and  Wright,  they  occur  in 
the  Marquette  region  of  Michigan,  and  in  the  Menominee  river  region  of  Wis- 
consin,! but  elsewhere  they  are  unknown  in  Wisconsin.2  Macroscopically,  talcos© 
rocks  are  characterized  by  a  peculiar  greasy  feehng  and  softness,  the  tale  pre- 
senting itself  in  minute  whitish,  grayish  or  pale  greenish  flakes,  but  all  of  these 
characters  belong  also  to  some  of  the  sericite-schists  and  sericitic  quartz  schists. 
In  the  thin  section  the  talc  scales  are  colorless,  withour  distinct  crystalline  out- 
lines, without  dichroism  or  absorption,  without  cleavage,  and  usually  fresh  and 
undecomposed. 

62.  Olauoonite  (approximate  composition,  silica  49.3,  alumina  3.60,  sesqui- 
oxide  of  iron  22.7,  protoxide  of  iron  6.3,  potash  8.3,  water  9.60).  Olaaconite  occurs 
in  Wisconsin  in  the  shape  of  greeii  grains  inbedded  in  certain  layers  of  the 
Potsdam  sandstone,  and  Lower  Magnesian  bmestone,  in  which  formations  it  is 
very  widely  spread  through  the  central  and  western  parts  of  the  State.  These 
glauconitic  grains  have  not  been  examined  under  the  microscope.  Numerous 
instances  of  the  occurrence  of  glauconite  will  be  found  mentioned  in  YoL  II.' 

63.  Serpentine  (MgaSi aO^  +2aq=8ilica  43.48,  magnesia  43.48,  water  13.04=100). 
Serpentine  is  known  in  Wisconsin  only  as  an  alteration-product  of  olivine. 
When  the  olivine  is  present  in  small  quantity  the  serpentine  becomes  evident 
only  upon  the  examination  of  the  thin  section  with  the  microscope.  But  when 
it  forms  any  considerable  portion  of  the  rock,  it  is  evident  macroscopically  also; 
in  which  case  it  presents  itself  as  a  light  to  dark  green,  amorphous,  greasy-lus- 
tered,  rather  soft  mineral.  In  the  thin  section  this  serpentine  shows  all  the 
characters  of  a  secondary  mineral,  polarizing  only  as  an  aggregate  of  minute 
particles.  Nearly  always  it  presents  some  traces  at  l>:'ast  of  the  olivine  from 
whose  alteration  it  has  resulted.  The  change  of  the  olivine  br^gins  on  the  out- 
lines of  the  particles  and  along  the  borders  of  the  numerous  fissures  traversing 
them.  In  an  early  stage  of  this  alteration  then,  we  soc  the  olivine  particle  or 
crystal  edged  and  irregularly  traversed  by  narrow  bands  of  green  serpentine, 
each  band  being  made  up  of  minute  serpentine  fibers.  Later  the  alteration  pro- 
cess extends  further  and  further  inwards  from  the  fissures,  until  finally  a  network 
of  serpentine  fibers  is  produced  with  only  here  and  there  a  minute  remnant  of 
the  olivine,  or  witliout  any  such  remnants.  Most  if  not  all  serpentine  has  evi- 
dently originated  from  the  alteration  of  olivine.  The  most  prominent  instance 
of  the  occurrence  of  serpentine  in  Wisconsin  is  that  of  the  altered  peridotite 
in  the  bed  of  the  Wisconsin,  a  short  distance  below  the  mouth  of  Copper  river.* 

64.  Kaounite  (TI^fAl^SiaO^+aq^rsilica,  46.4,  alumina  3D. 7,  water  13.9=100). 
Kaolinite  is  a  wide-spread  mineral  in  Wisconsin.  It  is  the  common  result  of 
the  alteration  of  orthoclase,  from  which  it  is  formed  by  the  removal  of  all  the 
alkali  and  some  of  tlie  silica,  and  the  addition  of  water.     This  decomposition  is 

>  Vol.  m,  pp.  506,  618,  005,  712. 

•The  talc  mentioned  by  Lapham  as  occurring  at  Ableman's,  In  Sauk  county  (Tol.  II,  p.  29).  is  a 
non-mai^esian  clay;  while  the  talc  mentioned  by  Julien,  as  resulting  from  the  change  of  oliviue 
(Vol.  Ill,  p.  235),  is  possibly  only  fibrous  serpentine  or  chrysolite. 

*pp.  29,  259,  201,630,  eta 

«  VoL  IV,  p.  711. 
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effected  especially  by  the  percolation  of  atmospheric  carbonated  water.  Where 
orthoclase-bearing  rocks  are  thus  altered  on  a  large  scale,  deposits  of  the  so-called 
kaolin  or  porcelain-clay  are  produced.  In  such  a  decomposition  the  resulting 
8olul)le  substances  —  the  carbonates  and  silicates  of  potash  and  soda,  and  the  bl- 
ear bontite  of  lime  —  pass  off  with  the  infiltrating  waters,  and  add  to  the  solid 
contents  of  the  drainage-waters  of  the  region.  In  the  thin  sections  of  all  ordi- 
nary orthoclase-bearing  rocks,  the  minute  scales  of  kaolinite  are  to  be  seen  cloud- 
ing the  orthoclase  particles.  With  a  high  power  these  scales  are  seen  to  be 
C'llorless,  occasionally  possessed  of  an  hexagonal  outline,  and  to  give  strong 
colors  in  the  polarized  light.  The  same  minute  scales  form  the  body  of  the  white 
clay  known  as  **  kaolin,"  in  which  they  are  mingled,  however,  with  more  or 
less  of  quartz,  and  mica  particles  and  particles  of  undecomposed  feldspar.  It 
is  yet  an  open  question  whether  the  same  kaolinite  scales  do  not  make  up  the 
larger  part  of  all  ordinary  clays.  Instances  of  kaolinized  feldspar  in  Wiscon- 
sin are  too  numerous  to  mention,  being  practically  universal  among  the  granites 
and  gneisses  of  the  northern  part  of  the  State.  Kaolin  occurs  in  quantity  on 
the  Wisconsin  river,  in  the  vicinity  of  Grand  Rapids. i 

65.  Saponite  (approximate  composition,  silica  45.60,  alumina  4. 87,  iron  sesqtd- 
oxide  2.09,  magnesia  24.10,  lime  1.07,  potash  and  soda  0.45,  water  20. 66=98. 84). 2 
A  very  clay-like  soft  sajwnite  —  the  thalite  of  Owen  •  —  occurs  filling  the  cavities 
of  many  amygdaloids  on  the  north  shore  of  Lake  Superior,  between  Duluth  and 
Pigeon  Point.  The  same  mineral  has  been  reported  from  Black  river,  in  Douglas 
county,  and  may  be  expected  to  occur  more  widely  in  northern  Wisconsin. 

66.  Sericite  (Composition  of  sericite  from  Nerothal  near  Wiesbaden,  ac-. 
cording  to  List,  silica  49.00,  alumina  23.65,  iron  protoxide  8.07,  magnesia  0.94, 
lime  0.63,  soda  1.75,  potash  9.11,  water  3.41,  titanium  oxide  1.39,  fluoride  of  sili- 
con 1.60).  As  already  indicated,  the  larger  part  of  the  soft,  greasy-surfaced 
schists  formerly  called  talc-schists  are  now  known  to  contain,  instead  of  talc,  a 
hydrous  mica,  in  which  magnesia  is  either  wanting,  or  present  in  insignificant 
amount.  Some  of  this  hydrous  mica  seems  to  be  merely  partly  altered  musco- 
vite,  but  the  larger  proportion  of  it  is  evidently  a  distinct  mineral,  or  perhaps 
two  or  three  different  minerals.  For  this  hydro-mica,  List's  name  of  sericite  is 
commonly  used  by  lithologists.  Rocks  carrying  sericite  in  various  proportions 
present  externally  a  shining  greasy  surface.  In  the  thin  section  the  sericite  is 
seen  in  the  shape  of  minute  transparent  scales  which  are  generally  aggregated 
into  a  felt-like  mass.  As  instances  of  sericite-schists  in  Wisconsin  may  be  men- 
tioned those  of  the  Huronian  of  the  Menominee  river  region  *  and  the  rock  of 
formation  III  of  the  Penokee  Huronian.* 

67.  Chlorite,  Tliere  are  several  minerals  differing  somewhat  from  one  an- 
other chemically  and  crystallographically,  and  yet  having  so  many  properties  in 
common,  that  the  distinction  of  one  from  the  other  is  often  very  difficult,  which 
lithologists  conveniently  group  under  the  general  name  of  chlorite.  All  of  the 
chlorite  species  are  hydrous-silicates  of  magnesia,  iron  protoxide  and  alumina. 
They  are  all  soft,  are  all  foliated,  and  all  of  various  shades  of  dark  green.  The 
three  most  common  species  are  rtpido/iYc  (MgaAlgSijO  14 -f-^aq^^^ilioa  32.5,  alu- 
mina 18.6,  magnesia  38.0,  water  12.9—100;  but  the  Mg  is  commonly  replaced 

»  Vol  IT,  pp.  466-477;    Transactions,  Wis.  Acad.  Arts.,  Scl.  and  Letters,  Vol.  Ill,  pp.  1-SO. 

•  Dana,  System  of  lUineralogy,  5th  edition,  p.  472. 

*  Owen  s  Qeological  Survey  of  Wisconsin,  Iowa  and  Minnesota,  pp.  600-608. 
-  •  Vol.  UI,  p.  636. 

•VoL  m,  pp.  111-118. 
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partly  by  Fe),  peninite  (approximate  composition,  silica  33.07,  alumina  9.69, 
iron  protoxide  11.38,  magnesia  32.34,  water  1 2. 58^=99. 08)' and  proc^ZoreYe  (average 
composition,  silica  26.8,  alumina  19.7,  iron  protoxide  27.5,  magnesia  15.3,  water 
10.7=100),  the  first  of  which  is  optically  biaxial  wlnlo  the  second  and  third  are 
uniaxial.  There  are,  however,  at  least  one  or  two  other  species  among  rock- 
forming  clilorites.  It  is  sometimes  possible  in  thin  rock  sections  to  distinguish 
between  biaxial  and  uniaxial  species,  but  often  it  is  not  possible  to  do  so.  More- 
over, there  are  certain  greenish  alteration-products  often  met  with  in  rock  sec- 
tions, which  can  only  be  inferentially  referred  to  chlorite,  and  which  are  therefore 
commonly  si)oken  of  by  lithologists  under  the  general  term  of  viridite.  In  the 
thin  section  the  chlorite  appears  in  folia  or  scales  of  a  pale  green  />t  bluish 
green  color,  and  varying  considerably  in  the  amount  of  absorption  and  dichroism 
shown. 

Chlorite  as  a  rock  constituent  may  very  commonly  be  shown  to  be  of  a  second- 
ary nature.  It  has  most  commonly  been  formed  by  a  direct  alteration  of  horn- 
blende or  augite,  but  is  also  met  with  as  a  replacer  of  some  of  the  feldspars. 
Whether  it  is  ever  of  an  entirely  original  nature  as  a  rock  constituent  may  well 
be  doubted.  The  chlorites  are  very  widely  spread  among  Wisconsin  rocks. 
As  instances  we  may  merely  mention  the  chloritic  schists  of  the  Huronian  of 
the  Menominee  region,  ^  many  altered  diabases  of  the  Keweenaw  series  of  the  Lake 
Superior  region,^  the  chloritic  gneisses  of  the  Lauruntian  of  Ashland  count^",' 
and  the  chloritic  gneisses  and  schists  of  the  Rib  river  valley.*  Illustrations  of 
rock  sections  containing  clilorite  are  given  at  Figs.  1  and  2  of  Plate  XII  A,  at 
Fig.  3,  Plate  XV  A,  Fig.  6  of  Plate  XV  D,  Fig.  1  of  Plate  XV  E,  and  Figs.  1  and 
2  of  Plate  XIX  A  —  aU  in  Vol.  IIL 

69.  Apatite  (SCaaP^Og  +  CaCla^phosphoric  acid  40.93,  lime  48.43,  chlorine 
6.81,  calcium  3.84=100;  or  3Ca3P4  08+C;iF«=pho9phoric  acid  42.26,  lime  50.00, 
fluorine  3.77,  calcium  3.97=100;  F.  and  CI.  replace  onj  another  in  varying  pro- 
portions). Apatite  is  known  in  Wisconsin  only  as  an  accossory  rock  constitu- 
ent, but  as  such  is  of  an  extraordinarily  wide  distribution.  It  is  only  very  rarely 
large  enough,  however,  to  be  seen  with  the  naked  eye,  when  it  appears  in  the 
shape  of  minute  hexagonal  prisms  with  pyrainidiil  terminations.  In  the  tliin 
section  it  shows  in  two  phases,  presenting  itself  either  as  very  minute,  but  rela- 
tively long,  completely  transparent  and  colorless  needles,  or  as  larger  sized  color- 
less to  white  crystals,  in  which  there  is  commonly  to  be  seen  more  or  less  dusty 
included  matter.  Cross-sections  of  botii  the  smaller  and  larger  crystals  are  hex- 
agonal in  outline  and  appear  dark  in  all  positions  between  the  crossed  nicol 
prisms.  Other  sections  are  dark  whenever  the  lon^^er  axis  of  the  crystal  lies 
parallel  to  a  cross-hair.  The  smaller  apatite  needles,  which  are  the  most  com- 
monly met  with,  are  found  inclu led  in  the  oth jr  mineral  ingredients  of  all 
kinds  of  massive  and  schistose  crystalline  rocks.  The  instances  of  tlie  occur- 
rence of  apatite  in  the  crystalline  rocks  of  Wisconsin  are  so  numerous,  tliat  I 
mention  only  the  chloritic  hornblende  gneiss  from  Penokee  Gap  in  Ashland 
county,  figured  at  Fig.  2,  Plate  XII  A..  Vol.  III. 

70.  Barite.  Heavy  Spar  (BaS04==8ulphur  trioxide  34.3,  baryta  65.7=100). 
Barite  occurs  in  the  lead  region,  commonly  in  massive,  more  rarely  in  lamellar 
and  crested  forms.     The  only  place  where  it  h:is  been  found  in  distinct  crystals 

»Voi.  lu,  pp.  etJ-aii 

«  Vol.  UI,  pp.  31-43. 

» Vol.  m,  pp.  9J-a3, 2M. 

•Vol.IV,p.6W-.096. 
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is  in  the  railroad  cut  at  Scales'  Mound,  in  the  extreme  southwest  part  of  tiie 
State;  it  is  not  a  very  abundant  mineral. i 

71.  Cblbstitb  (SrS04=^ulphur  trioxide  48.6,  strontia  66.4=100).  Lapham 
reports  celeslate  as  occurring  **  in  drift  clay  filling  a  crevice  in  limestone  *'  at 
Wauwatosa,  Milwaukee  county.'  It  has  not  been  noticed  elsewhere  in  the 
State. 

73.  Anqcbsitb  (PbS0«=8ulphur  trioxide  26.4,  lead  oxide  78.6=:100X  Angle- 
site  is  reported  as  occurring  in  small  quantities  lining  cavities  in  galenite  near 
Mineral  Point,  in  the  lead  region.'      ^ 

78.  LEADHHiUTE  (Pb7C4SsOti+2HsO).  Lapham  includes  this  mineral  in  his 
list  as  occurring  at  Mineral  Point.  The  statement  is  made  on  the  authority  of 
D.  D.  0wen,<  but  Strong  does  not  mention  its  existence  there. 

74.  Qtpsum  (CaS04+2aq=sulphur  trioxide  46.5,  lime  82.6,  water  20.0=100). 
Qypsum  is  found  in  Wisconsin  in  fragments  in  the  drift  of  the  region  about 
Sturgeon  Bay,^  to  which  region  it  seems  to  have  been  transported  from  some  of 
the  gypsum-bearing  formations  of  Michigan.  It  is  also  met  with  in  small  crys- 
tals in  the  Cincinnati  shales  of  the  eastern  part  of  the  State.* 

75.  Meianterite.  Iron  Vitriol.  Copperas  (FetS0e+7aq).  A  copperas  is 
met  with  in  the  lead  region  —  where  it  occurs  as  the  result  of  weathering  of  mar- 
casite — which  may  possibly  belong  to  melanterite.'' 

76.  Calcitb  (CaC03=carbonrdioxide  44.,  lime  56.=100;  part  of  the  cal- 
cium is  sometimes  replaced  by  magnesium,  iron  or  manganese).  Calcite  is,  of 
course,  one  of  the  most  wide-spread  minerals  in  Wisconsin,  occurring  (a)  in 
coarse  crystallizations  in  the  lead  and  zinc  veins  of  the  lead  region;  *  in  nests 
in  limestone;  ^  (&)  as  the  fillings  of  gas  pores  of  amygdaloids;  ^o  (c)  as  the  replacer 
of  some  lime-bearing  silicate  among  the  crystalline  rocks;  ^^  (d)  as  the  chief 
constituent  of  the  crystalline  limestones  of  the  Huronian;  ^^  (e)  as  a  more  or 
less  prominent  constituent  of  the  paleozoic  limestone  formations  of  the  State; 
(f)  in  the  shape  of  the  stalactite  and  stalagmite  of  various  crevices  and  caves  in 
limestone;  i'  (gr)  as  travertine;  ^^  and  (h)  as  tufa  or  calcareous  moss  about  certain 
springs.  15  The  various  paleozoic  Hmestones  of  the  State  may  often  be  seen  to  be 
impregnated  with  crystalline  calcite,  and  the  same  is  true  of  much  of  the  upper 
layers  of  the  Potsdam  sandstone,  but  how  far  the  lime  and  magnesium  carbon- 

1 M.  strong  in  Vol.  n,  p.  608. 
«  Vol.  n,  p.  29. 
•Vol.  n,  p.  29,  698. 

*  Geological  Survej,  Iowa,  Wisconsin  and  Minnesota. 
•Vol  n,  p.  29. 

•Vol.  n,  p.  815. 
*Vol.  n,p.  29. 
•Vol.  II»p.  693. 

•  Vol.  n,  p.  M9,  etc. 

»•  Vol.  in,  pp.  81, 188-198,  etc 

«i  Vol.  m,  pp.  81,87-48, 188-198,  etc 

"  Vol.  m,  p.  106,  Fig.  1,  pute  xm  A,  p.  SeB,  61^ 

*«Vol.  n,  p.  29. 

»« Vol.  U,  p.  29,  and  Vol.  IV.  p.  9&^ 

»VoLU,  p.29. 
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ates  of  the  limestones  are  in  the  condition  merely  of  comminuted  organic  secre- 
tions, and  how  far  they  may  be  strictly  classed  as  dolomite  and  calcite,  is 
xmcertain,  these  rocks  never  having  as  yet  been  studied  with  the  microscope. 

Macroscopically  calcite  is  recognizable  by  its  colorlessness  or  pale  white  color, 
its  translucency,  its  moderate  hardness,  and  its  very  pronounced  rhombohedral 
cleavage  (three  equal  cleavages  oblique  to  one  another).  Even  with  the  coarsely 
crystalline  calcite,  the  rhombohedral  cleavage  surfaces  may  be  seen  with  the 
naked  eye  to  be  crossed  by  a  series  of  close,  minute,  parallel  lines.  These  are 
due  to  a  process  of  repeated  twinning,  the  crystal  being  made  up  of  a  great 
number  of  minute  laminad,  the  alternate  ones  only  of  which  have  the  same 
crystallographic  position.  In  the  thin  section,  this  twinned  structure  is  brought 
out  very  prominently  in  polarized  light,  the  laminss  being  alternately  light 
and  dark.  The  twinning,  moreover,  is  much  more  common  in  the  smaller 
particles  met  with  in  rock-sections,  than  in  the  more  coarsely  crystalline  kinds. 
Besides  the  twin  banding,  the  pronounced  rhombohedral  cleavage  and  the  trans- 
lucency  are  the  properties  by  which  calcite  is  principally  recognized  in  the  thin 
section.  Calcite  particles  exhibit  some  little  absorption,  but  are  usually  without 
any  bright  colors  in  the  polarized  light.  Calcite  is  figured  at  Fig.  1,  Plate 
Xm  A,  and  Figs.  1  and  2,  Plate  XIX  A. 

77.  Dolomite  ((MgCa)COs=calcium  carbonate  54.35,  magnesium  carbonate 
45.65=:100).  Dolomite  is  known  in  Wisconsin  as  the  principal  ingredient  of  cer- 
tain crystalline  limestones  of  the  Huronian  series;  ^  as  a  constituent  of  most  of 
the  paleozoic  limestones  of  the  State,  2  in  which  it  is -sometimes  of  sufficiently 
coarse  crystallization  to  be  perceptible  to  the  naked  eye;  and,  in  rhombohedral 
crystals  of  some  size  in  nests  in  the  latter  limestones.  As  already  indicated, 
although  crystalline  dolomite  is  known  to  occur  in  the  paleozoic  limestones,  the 
exact  condition  in  which  most  of  the  magnesian  cai'bonate  of  these  rocks  occurs 
is  still  uncertain.  Dolomite  is  much  like  calcite  in  its  physical  characteristics. 
The  separation  of  the  two  in  the  thin  section  is  often  very  difiicult,  although  the 
assertion  is  made  in  the  books  that  microscopical  calcite  is  always  characterized 
by  the  repeated  twinning  above  described,  while  dolomite  is  always  without  it. 

78.  Smithsoxite.5  Calamine.  Dry  Bone  (ZnCOj=:carbonic  acid  35.2,  zinc 
oxide  64.8=100;  but  with  part  of  the  zinc  oxide  often  replaced  by  iron  protoxide 
or  manganese  protoxide).  Under  the  name  of  **  dry  bone,"  given  on  account 
of  its  resemblance  to  partly  decayed  bone,  a  botryoidal  and  ferruginous  smith- 
sonite  occurs  largely  in  the  lead  region  of  the  southwestern  part  of  tlie  State, 
where  it  is  mined  in  quantity.  Crystalline  smithsonite  is  exceedingly  rare,  but 
very  interesting  specimens  of  rhombohedrons  anvl  scale:io!iedrons  of  smithson- 
ite, pseudomorphons  after  calcite,  are  not  unfrequcntly  met  with.  These 
pseudomorphs  are  more  or  less  hollow  within,  the  calcite  never  having  been 
entirely  replaced  by  carbonate  of  zinc.  Smithsonite  also  occurs  pseudomorphons 
after  sphalerite  and  galenite.^ 

79.  Cerussite.  White  Lead  Ore.  (PbC03=carbonic  acid  16,5,  oxide  of  lead 
83.51=00.)  Cerussite  is  occasionally  met  with  in  small  pieces  in  the  lead  region; 
but  never  in  sufficient  quantities  to  form  an  object  for  mining.  The  fragments  are 

I  Vol.  m,  p.  613. 

«  Vol.  n,  p.  2«8,  208,  306,  a37,  815,  349,  351,  857,  360,  390,  895,  543,  549,  560,  6n,  C&4. 
*  Lapham  includes  siderite  in  his  list  of  Wisconsin  minerals  (Vol.  11,  p.  29).  noting  it  as  occur 
ring  upon  the  Penokee  range  of  Aahland  county;  the  statement,  however,  lacks  confirmation. 
«VoLII,p.OM. 
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of  an  earthy  texture  and  yellowish  color.    Small  irr^ular  crystals  coating  gale- 
nite  are  very  rarely  met  with.^ 

80.  Htdro-zincite  (8ZnC03+5ZnH20s=carbonic  acid  15.2,  zinc  oxide  74.5, 
water  10.8=100).  Hydro-zincite  is  met  with  at  Linden  and  Mineral  Point  in  the 
lead  region,  as  a  white  finely  crystalline  fibrous  incrustation  on  smithsonite;  but 
it  is  of  very  rare  occurrence.* 

81.  Malachite  (CuGOs  +HsGu02=carbonic  acid  19.9,  copper  oxide  71.9,  water 
8.2=100).  Malachite  is  met  with  at  Mineral  Point  in  small  seams  and  incrusta- 
tions resulting  from  the  alteration  of  chalcopyrite.' 

82.  Azi7RiTB(2CuC03+H2Cu02=carbonic  acid  25.6,  copper  oxide  69.2,  water 
5.2=100).  Azurite  occurs  at  Mineral  Point  along  with,  and  in  the  same  manner 
as  the  malachite,  occasionally,  however,  appearing  in  small  handsomely  crystal- 
lized specimens.  < 

88.  Htdrocarbons.  Tlie  Cincinnati  shales  in  the  lead  region  are  at  times 
sufficiently  impregnated  with  hydrocarbon  to  become  inflammable.  A  solid  hy- 
drocarbon is  mot  with  occasionally  in  the  Hamilton  limestone  near  Milwaukee;  ^ 
in  the  Lower  Helderberg  limestone  in  Freedonia,  Ozaukee  county;  ^  and  in  the 
Niagara  limestone  east  of  Fond  du  Lac.''  Fragments  of  lignite  are  met  with  in 
the  drift  of  the  St.  Croix  valley.  Peat  is  widely  spread  underneath  the  marshes 
of  the  State.  8 

» VoL  n,  p.  OM. 
•VoLn,  pp.  29,  CM. 

•Vol.  n,pp.  28,  ew. 

♦Vol.  n,  pp.  29,  694. 

•Vol,  U.  p.  29. 

•  Vol.  n.  p.  893. 

»Vol.  n,p.29. 

•Vol.  n,  pp.  240, 664,  and  Vol.  m,  pp.  877, 887. 
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Bt  B.  D.  iBvnro. 

Hie  rock  species  that  have  thus  far  been  recognized  in  Wisconsin  are  as  fol- 
lows, most  of  the  kinds  named  including  several  subordinate  varieties,  which 
receive  special  mention  beyond: 

Massivb  Rocks. 

(Eruptive  Bocks.) 

Basic  Of  Intermediate  Acidity. 

Diabase.  Syenite. 

Melaphyr.  Quartzless  Porphyry. 
Qabbro. 

Norite.  Acid, 

Diorite.  Granite. 

Peridotite.  Qranltic  Porphyry. 

Felsitio  Porpnyries. 

ScmerrosB  Rocks. 

Gneiss.  Talc-Schist 

Mica-Schist  Magnetite  Schist 

Hydromica-Schist  Hematite-Schist 

Actinolite-Schist  Quartz-Schist 

Tremolite-Schist  Quartzite  (in  part). 

Homblende-Schist  Chert-Schist. 

Augite-Schist.  Jasper-Schist 
Clilorite-Schist. 

Half-Fraomental  Rocks. 

Quartzite  (in  part).  Novaculite. 

Clay-Slate. 

Calcabeous  Rocks. 
Limestones. 

Fbaqmental  Rocks. 
Sandstone.  Shale. 


Diabase,  Melaphyb  and  Gabbbo. 

(Plagioclase-Augite  and  Plagioclase-Diallage  rocks.) 

The  several  kinds  of  Wisconsin  rocks  which  belong  under  this  heading  are 
g^ven  in  the  following  list,  which  at  the  same  time  gives  their  positions  in  Rosen- 
busch*8  classification,  and  the  essential  constituents  of  each.  The  gabbros  are 
here  included  with  the  diabases,  because  diallage  is  merely  a  variety  of  augite, 
all  sorts  of  gradation  phases  between  the  two  minerals  occurring  in  rock 
sections. 
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PlagiocUue-AugUe  Rocks. 

h  gbakulab* 

(1)  Plagioclase+augite Diabase. 

(2)  Plagioclase+augite^ olivine..^ Olivine-dlabase. 

(8)  Plagioclase-haugite-horthoclase Orthoclase-diabaseJ 

(4)  The  augite  of  (1)  and  (d)  more  or  less  altered  to  uralite.  •  Uralitic  diabase. 

n.  POBPHYBino  AND  **  HALF  QLASST." 

(5)  Plagioclase  -f  augite  -f  non-resolvable  base Diabase-xxnrphyrite. 

(6)  Plagioclase -h  augite -h  olivines  base Melaphyr. 

(7)  Devitrifled    base + feldspar    and    augite    microliths+ 

steam  holes  filled  with  various  amygdulee Amygdaloids. 

Plagioclaae'DidUage  Rocks* 

ORANXJLAB. 

(1)  Plagioclase +diallage Gkibbro. 

(2)  Plagioclase  -hdiallage + olivine  Olivine-gabbro. 

(8)  Plagioclase +diallage+orthoclase Orthoclase-gabbro. 

(4)  The  diallage  of  (1)  and  (3),  more  or  less  changed  to  uralite.  Uralitic  gabbro. 

(5)  The  diallage  of  (1)  and  (3),  more  or  less  changed  to  basaltic 

hornblende Homblende^gabbro. 

Diabases.  The  Wisconsin  diabases  are  for  the  most  part  quite  fine-grained 
rocks,  of  a  dark  color,  varying  from  gray  in  more  feldspathic  kinds  to  black  in 
more  highly  augitic  Alteration  also  produces  brownish,  purplish  and  greenish 
kindS)  and  kinds  in  which  these  colors  are  indefinitely  mixed. 

The  plagioclase  ingredient  of  these  diabases  varies  from  the  acid  oligoclase  to 
the  basic  anorthite,  to  judge  from  the  numerous  measurements  made  according 
to  Pumpelly*s  modification  of  Des  Cloizeaux's  method.  >  But  the  oligoclase  is 
more  especially  prone  to  occur  in  the  orthoclase-bearing  diabases,  while  the  an- 
orthite,  in  turn,  especially  affects  the  olivine-bearing  kinds.  Thus  labradorite  is 
left  as  the  characteristic  plagioclase  of  the  typical  diabases.  The  augite  of  these 
rocks  has  nearly  always  crystallized  out  after  the  feldspars,  since  it  is  found 
filling  sharply  the  spaces  left  between  them;  but  in  some  phases  the  augite  occurs 
in  irregularly  bounded  or  roimd  particles,  in  which  case  it  has  crystallized  so  nearly 
simultaneously  with  the  feldspars,  or  at  all  events,  so  rapidly,  as  not  to  fill  their 
interspaces.  In  addition  to  these  two  ingredients,  magnetite,  often,  if  not  always, 
titanium-bearing,  is  so  common  in  the  Wisconsin  rocks  that  it  might  properly 
be  regarded  as  one  of  the  chief  ingredients. 

The  diabases,  as  already  indicated,  are  much  prone  to  alteration,  the  liability 
to  change  varying  directly  with  the  closeness  of  aggregation  of  the  crystalline 
particles.  Tlie  plagioclase  is  often  more  or  less  replaced  and  permeated  by  a 
greenish  chloritic  substance,  while  the  augite  is  much  more  prone  than  the  feld- 
spars to  a  viriditic  change,  which,  when  carried  out  to  any  considerable  extent, 
produces  more  or  less  of  a  greenish  color  in  the  rock  mass  itself.  Accompany- 
ing this  change,  which  results  from  a  hydration  of  the  magnesian  silicate  of  the 
augite,  is  a  separation  of  the  ferrous  oxide  of  this  mineral,  which,  oxidizing, 
forms  particles  of  black  magnetite,  or  gives  a  more  or  less  diffused,  reddish  or 
brownish  stain  to  the  rock,  from  the  formation  of  anhydrous  or  hydrous  ferric 

^  The  *'  quartz-diabase  **  of  Wichmann,  Vol.  m,  p.  628,  is  merely  an  altered  orthoclase-diabase, 
and  is  therefore  not  provided  for  in  this  classification. 
•Vol.  m,  p.  80. 
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oxide.  Another  very  interesting  change  ia  the  peculiar  molecular  one  by  which 
the  augite  becomes  greenish  uralite,  or  brown  basaltic  hornblende.  This 
change  is  often  carried  so  far  that  no  renmants  of  the  augite  are  to  be  seen. 
This  change  is  farther  noticed  under  uralitic  diabase.  Other  more  intricate 
forms  of  alteration  of  the  diabase  are  met  with,  especially  in  the  copper  region 
of  Lake  Superior,  but  an  account  of  them  would  be  out  of  place  here.^ 

Diabases  are  especially  prominent  in  Wisconsin  in  the  Copper  Bearing  or  Ke- 
weenawan  series  of  rocks,  where  they  form  numerous  thin,  but  laterally  exten- 
sive flows.*  Diabases  also  occur  frequently  in  the  Hiux>nian  of  the  Menominee 
River  region.' 

Olivine'Diabase,  Olivine-bearing  diabase  is  not  so  common  in  Wisconsin  as 
the  olivine-free  kinds,  the  presence  of  olivine  being  usually  accompanied  either 
by  the  presence  of  more  or  less  of  an  unindividualized  base —  when  the  rock  be^ 
comes  a  melaphyr — or  of  diallage,  in  place  of  the  augite  —  when  it  becomes  a 
gabbro.  Some  of  the  flne-grained  rocks  of  the  Keweenaw  series,  however,  hav- 
ing all  of  the  characters  of  the  melaphyrs  below  described,  are  without  interstitial 
unindividualized  matter,  and  are  therefore  olivine-diabases.^  Some  of  the  oli- 
vine-gabbros  of  the  Keweenaw  series  of  Ashland  county,  again,  run  into  fine 
kinds,  in  which  the  augite  loses  its  diallagic  character,  and  which  therefore  be- 
come olivine-diabases.^  Black,  fine  grained,  oli vine-diabase,  rich  in  magnetite^ 
is  occasionally  met  with  in  masses  and  dikes  intersecting  the  gneiss  in  the  Wis- 
consin valley.* 

Ortlioclase-Diabase.  A  number  of  the  fine-grained,  olivine-free  diabaaea 
of  the  Keweenaw  series  contain  oligoclase  as  the  plagioclastic  ingredient,  and 
with  this  there  is  a  general  tendency  for  orthoclase  to  occur  as  an  accessory  oon- 
stituent  There  is  in  fact  a  gradation  through  kinds  which  are  more  and  more 
rich  in  orthoclase,  to  rocks  of  an  intermediate  degree  of  acidity  —  the  so-called 
non-quartziferous  porphyries.  ?  Orthoclase-bearing  kinds  have  also  been  noticed 
by  Wichmann  among  the  diabases  of  the  Menominee  river  region.* 

Uralitic  Diabase,  The  augite  of  diabase,  as  indicated  on  a  previous  pagn, 
tends  often  to  pass,  by  a  simple  molecular  change,  into  a  greenish  fibrous  horn- 
blende material,  known  as  uralite.  This  chauge  I  liave  found,  among  the  Wis- 
consin rocks,  to  be  much  more  commonly  characteristic  of  the  orthoclase-bearing 
diabases,  tlian  of  those  kinds  which  are  free  from  ortlioclase.  But  uralitic  gab- 
bros  are  far  more  common  than  uralitic  diabases.^ 

Didbase-Porphyrite,  The  fine-grained  diabases  of  the  Keweenaw  series  pass 
into  aphanitic,  very  dense  kinds,  with  more  or  less  of  a  conchoidal  fracture,  and 
of  a  black  to  dark-brown  color,  in  which  there  is  present  more  or  less  of  an  un- 
individualized base,  in  which  macroscopically  distinguishable  feldspars  are  gen- 

>  See  Vol.  m,  p.  81 ;  also  The  Metasomatic  Development  of  the  Copi>er-BearlDg  Rocki  of  Lake 
Superior,  R.  Pumpelly.    Proc.  Am.  Acad.  Scl.,  Vol.  XIII,  1878. 
•Vol.  ni,  pp.  8,  80,  87-43,  188-198,  836-350,  891-428. 
■Vol.  m,  pp.  ^O,  470,  522,  669,  625-627,  etc. 

•  Pumpelly  (Vol.  IH,  p.  82)  has  included  these  with  the  melaphyrs. 

•  Vol.  in,  pp.  168-188. 

•  Vol.  IV,  pp.  630,  687,  688. 

"f  "The  Copper  Bearing;  Rocks  of  Lake  Superior,"  by  B.  D.  Irylng.  Monographs  of  the  U.  8. 
Geol.  Surv.,  Vol.  V. 

•  Vol.  m,  p.  623. 

•Vol.  m,  pp.  31,  88,  097. 
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erally  perceptible  as  porphyritic  ingredients. ^  By  a  gradual  increase  in  acidity 
these  pass  into  the  quartzless  porphyries.  The  nnindividualized  base  is  a  devit- 
rified  glass,  commonly  highly  charged  and  colored  by  ferritic  matter.  Por- 
phyritic augites  also  occur.  According  to  Wichmann,  a  small  quantity  of 
nnindividualized  matter  sometimes  occurs  in  some  of  the  diabases  of  the  Hu- 
ronian  of  the  Menominee  river  region,  to  which  cases  the  name  of  diabase-por- 
phyrite  should  strictly  be  applied.  2 

Melaphyr.  A  very  characteristic  rock  of  the  Keweenaw  series  is  one  which, 
in  its  fresh  state,  is  fine-grained,  of  a  dark-gray  to  black  or  greenish-black  color, 
and  in  which  on  a  fresh  fracture  are  to  be  seen  numerous  relatively  large-sized 
lustrous  cleavage  surfaces,  of  augite.  Each  one  of  these  surfaces  appears  in  all 
respects  like  the  rest  of  the  rock,  except  in  the  one  position  in  which  it  reflects 
the  light.  To  this  peculiar  effect  Pumpelly  has  applied  the  term  of  "  laster 
mottling." 

The  constituents  of  this  rock  are  found  on  the  study  of  the  thin  sections 
to  be  olivine,  basic  plagioclase  (mostly  anorthite),  augite  (each  individual  of 
which  mineral  includes  hundreds  of  minute  plagioclases),  titaniferous  mag- 
netite, and  a  small  quantity  of  an  uuindividualized  substance.  This  substance 
is  never  present  in  any  very  considerable  quantity,  and  often  completely  f^dls, 
when  the  rock  becomes  an  olivine-diabase,  as  above  stated. 

These  melaphyrs  are  very  prone  to  alteration.     ''The  first  constituent  to 

undergo  a  change  is  the  olivine;  and  where  this  change  has  been  accompanied, 

as  is  usual,  by  a  change  of  the  ferrous  oxide  to  the  ferric  state,  the  rock  presents 

a  true  color  mottling,  dark-greenish  spots  corresponding  to  the  augite  areas,  which 

are  surrounded  by  red  or  dark-brown  alteration-products  of  the  olivine,  which 

abounded  in  the  spaces  between  the  augite  crystals.    In  many  instances  the 

whole  rock  has  been  permeated  with  the  red  stain,  when  it  presents  a  rich  liyer- 

brown  color."  >    Numerous  descriptions  and  references  to  these  melaphyrs  will 

be  foimd  in  VoL  III.* 

« 
Amygdaloids,    The  amygdaloids  are  the  porous,  quickly  cooled,  steam-blown 

upper  portions  of  the  flows  of  the  Keweenaw  series.  They  are  found  with  flows 
whose  lower  portions  are  any  one  of  diabase,  olivine-diabase,  diabase-porphyrite, 
or  melaphyr.  The  steam  holes  are  commonly  filled  with  one  or  more  of  caldtc, 
chlorite,  epidote,  quartz,  prehnite,  laumontite,  copper,  orthoclase,  or  alteration- 
products  of  these.  There  are  also  often  present,  scattered  through  the  ground- 
mass,  macroscopically  visible  porphyritic  crystals  of  feldspar,  more  rarely  of 
augite. 

The  groimd-mass  itself  is  a  devitrified  glass,  swimming  in  which  are  to  be 
seen  with  the  microscope  numerous  minute  microliths  of  plagioclase,  and  thor- 
oughly permeating  which  is  the  dark-brown  or  red  ferritic  product  of  devitrifi- 
cation. This  matrix  has,  moreover,  often  undergone  very  extreme  changes, 
having  been  replaced  bodily  by  one  or  more  of  chlorite,  calcite,  laumontite. 
prehnite,  epidote,  quartz  and  copper. ^  Such  is  the  nature  of  some  of  the  bedi 
worked  for  copper  in  the  Lake  Superior  region.  A  still  further  and  quite  ex- 
traordinary complication  in  these  amygdaloids  has  been  produced  by  the  inter 

I  Much  of  Pumpelly^  "  ash-bed  diabase**  (Vol.  m,  p.  88)  la  dlAbaae-porphyrltt. 

«  Vol.  m,  pp.  624, 625. 

■R.  Pumpelly,  Vol.  Ill,  p.  34. 

«pp.  82,  87,  183-108,  836-850,  89948& 

*SeeVol.  m,  p.  81. 
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mingling  with  the  scoriaceons  upper  portions  at  the  lava  flows  of  the  detrital 
material  of  the  next  succeeding  layer  of  the  series.  This  is  the  character  of  the 
miscalled  "ash-bed"  of  Keweenaw  Point  Numbers  of  such  beds  occur  dis- 
tributed through  the  Lake  Superior  region,  and  doubtless  are  to  be  found  also  in 
Wisconsin. 

Gabbro.  The  gabbros  or  plagioclase  dlallage  rocks  are  especially  found  in  the 
Keweenaw  or  Copper-Bearing  series. ^  They  are,  however,  occasionally  met 
with  among  the  Huronian  schists,*  and  even  traversing  the  Laurentian  gneisses.' 
They  are  all  of  them  plainly  of  eruptive  origin,  which  origin  is,  in  ray  judg- 
ment, to  be  assigned  without  exception  to  all  the  diabases  also.  The  gabbros 
have  always  a  tendency  to  a  coarser  grain  than  is  met  with  among  the  diabases; 
a  gradually  increasing  fineness  of  grain  being  accompanied  always  by  a  loss  of 
the  diallagic  character  in  the  augite.  The  color  of  these  rocks  is  usually  from 
light-gray  to  dark-gray  and  even  neariy  black.  As  in  the  diabases,  so  also  in 
those  gabbros  which  are  free  from  both  olivine  and  orthoclase,  the  predominant 
plagioclase  is  labradorite,  while  an  iron  oxide  ingredient,  mostly  in  the  form  of 
titaniferous  magnetite,  is  often  present  in  such  quantity  as  to  constitute  a  promi- 
nent constituent. 

OUvine-Chhbro.  Crabbro  proper,  that  is,  gabbro  free  from  both  olivine  on  the 
one  hand  and  orthoclase  on  the  other,  is  much  less  common,  however,  than  are 
the  olivinitic  and  orthoclase-bearing  kinds.  The  olivine-gabbros  are  peculiar,  not 
only  as  carrying  olivine  as  one  of  the  chief  constituents,  but  also  in  having  the 
plagioclase  for  the  most  part  anorthite.  The  olivine  of  these  rocks  is  always  in 
part  fresh;  but  always  also  partly  altered  either  to  a  greenish  serpentine — along 
with  which  is  also  usually  an  abundance  of  separated  iron  oxide — or  to  biotite, 
▼Iridite,  talc,  or  ocher.  Macroscopically  the  olivine-gabbros  present  no  marked 
difference  from  the  olivine-free  kinds,  except  in  those  few  instances  where  the 
olivine  becomes  a  prominent  and  unusually  coarse  ingredient,  in  which  case  the 
alteration  of  this  mineral  has  commonly  produced  much  brown  iron  stain. 
Olivinitic  gabbros  are  figured  in  VoL  III,  Plate  XV  D,  and  Fig.  2,  Plate  XV  E. 

Orthoclase'Gabbro.  In  studying  recently  the  Keweenaw  series  throughout  its 
entire  extent  in  the  Lake  Superior  basin,  I  have  found  an  orthoclase-bearing  gab- 
bro forming  one  of  the  best  marked  and  most  persistent  types  of  the  series.* 
Thin  type  had  already  been  recognized  in  the  Wisconsin  reports  as  distinct  from 
the  other  gabbros;  but  its  nature  was  not  fully  understood.  Macroscopically 
this  rock  is  often  distinguished  by  more  or  less  of  a  reddish  stain  to  the  feldspars 
and  by  a  greenish  alteration  of  the  diallage.  The  iron  oxide  ingredient,  too,  is 
apt  to  be  especially  prominent  and  abundant,  and  appears  always  to  be  much 
more  highly  titaniferous  than  in  the  orthoclase-free  kinds. 

(Generally  sx>eaking,  these  gabbros  are  far  more  prone  to  alteration  than  the 
other  kinds.  They  often  reach  also  an  extreme  degree  of  coarseness,  the  feld- 
spar crystals  occurring  sometime  as  much  as  one  or  two  inches  in  length;  as  for 
instance,  in  the  rock  which  forms  the  bluffs  immediately  behind  the  city  of 
Duluth  in  Minnesota.    In  the  thin  section  these  orthoclase-gabbros  are  found  to 


>  VoL  in,  pp.  85^,  168-18S. 

•Vol.  m,  pp.  474,  aaa,  66S. 
■Vol. IV,  pp.702, no. 

«  "Copper-Bearing  Rocks  of  Lake  Superior."    Monographs  of  theU.  8.  OeoL  Surv.,  Vol.  V. 
•  Vol.  m,  p.  170.    The  *'  second  yaiiety  "  of  gabbro  found  characterising  the  gabbro  belt  of 
Ashland  county. 
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contain  oligoclase  as  the  pli^oclase  ingredient,  and  to  have  more  or  less  ortho- 
dase  among  the  feldspars.  The  augite  is  commonly  somewhat  altered  to 
greenish  uralite,  while  secondary  qnarts,  apatite  and  infiltrated  iron  oxide  are 
characteiistic. 

UrcUUic  Oabbro,  The  orthoclase-bearing  gabbros  are  but  very  rarely  found 
without  at  least  a  commencing  change  of  the  augite  to  uralite.  When  this 
change  becomes  at  all  pronounced — it  being  not  unfrequently  almost  com- 
plete —  the  rock  becomes  a  uralitic  gabbro,  which  is  thus  merely  an  alteration 
form  of  the  orthoclase-gabbro.  The  relation  of  augite  and  uralite  in  one  of 
these  uralitic  gabbros  is  shown  in  Fig.  1,  Plate  XV  E,  Vol.  III.  Such  rocks  are 
quite  common  in  the  Keweenawan  districts  of  Ashland  and  Douglas  counties.^ 

Harnblende-CfabhriK  In  one  phase  of  the  gabbro  of  Ashland  county,*  brown 
basaltic  hornblende  is  found  to  form  a  large  proi>ortion  of  the  thin  section. 
This  rock  Prof.  Pumpelly  has  called  an  augite-diorite,  he  taking  both  the  augite 
and  hornblende  as  primary  constituents;  but  a  more  extended  study  of  the  thin 
sections  shows  that  this  hornblende  also  is  merely  a  paramorphic  product  of  the 
augite.'  The  other  constituents  of  this  rock  are  oligoclase,  orthoclase,  titanifer- 
oua  magnetite  and  biotite. 

NORITE. 

(Plagioclase-Enstatite  and  Plagioclase-Hypersthene  Rocks.) 

The  norites  are  very  rare  rocks  in  Wisconsin,  having  been  noticed  only  in  a 
few  small  exposures  in  the  Upper  Wisconsin  valley,  where  they  appear  as 
medium-grained,  dark-gray,  gabbro-like  rocks.  < 

DIORITE.* 

(Plagioclase-Homblende  Rocks.) 

The  term  diorite  is  used  by  lithologists  to  cover  all  pre-Tertiary  rocks  in  which 
hornblende  and  a  triclinic  feldspar  are  the  chief  constituents.  It  was  formerly 
supposed  that  nearly  all  of  the  older,  dark  colored,  basic,  massive  rocks  were 
homblendic,  that  is,  were  diorites;  whilst  augi tic  kinds  were  supposed  to  be  rela- 
tively very  rare.  But  the  application  of  the  microscope  to  the  study  of  thin 
sections  has  shown  that  precisely  the  reverse  of  this  is  the  case,  the  diabases  in 
fact  being  the  common  kinds,  while  diorites  are  everywhere  rare.  Moreover 
in  many  diorites  entitled  to  be  so  called  by  their  content  of  hornblende  as  a 
chief  constituent,  this  mineral  has  been  proved  to  be  merely  a  secondary  trans- 
formation of  augite,  remnants  of  which  are  here  and  there  to  be  seen  in  little 
cores.  The  Wisconsin  rocks  form  no  exception  to  this  rule,  the  diorites  only 
rarely  appearing.  In  the  cases  of  all  those  diorites  whose  thin  sections  I  have 
studied,  I  have  found,  moreover,  that  the  hornblende  is  always  merely  altered 
augite;  and  I  have  little  doubt  that  the  same  would  be  true  of  the  hornblende 
of  the  few  diorites  from  the  Menominee  Huronian  described  by  Wichmann.^ 

'Vol.  m,  pp.  87-4S,  16&-188,  840. 
■Vol.  m,  p.  179. 

*  In  the  Oeol.  of  New  Hampehire,  Vol.  IV,  Part  IV,  Mineralogy  and  Lithology,  p.  200,  and  Fig.  1 
Plate  Vn,  Hawes  describes  a  similar  change  of  augite  into  brown  hornblende. 

♦Vol.  IV,  pp.  661,  667,  680. 

*  The  terms  quartz-diorite  and  diorlte-porphyry,  used  in  Vol.  HI,  are  names  of  mere  unimportant 
phases  of  ordinary  diorite,  and  do  not  deserve  any  special  mention  here.  Diorite*porphyrite  ,that 
is,  a  rock  of  the  composition  of  diorite  with  more  or  leas  of  an  unindividualized  base,  is  not 
known  in  Wisconsin. 

•Vol.  m,  p.  687. 
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If  this  is  the  case  diorite  as  an  original  rock  has  not  yet  been  found  in  Wis- 
consin. 

The  hornblende-bearing  rocks  described  by  Wichmann  as  diorites  present 
macroscopically  the  same  appearance  as  the  fine-grained  diabases  above  men- 
tioned. In  the  thin  section  the  plagioclase  appears  as  in  the  diabases;  the  horn- 
blende is  of  the  greenish  variety  and  often  altered  to  viridite;  orthoclase  occurs 
in  greater  or  less  quantity;  augite  is  met  with  occasionally  as  cores  to  the  horn- 
blende; while  biotite,  quartz,  and  apatite  are  common  accessories.  Apatite  is 
especially  abundant  in  these  rocks;  and  its  occurrence,  along  with  the  presence 
of  augite  cores  in  the  hornblende  and  of  secondary  quartz,  and  the  structural 
identity  betweeh  these  diorites  and  diabases  of  the  same  region  strongly  sug- 
gests that  the  diorites  are  but  altered  orthoclase-bearing  diabases. 

FERIDOTITB. 

(Non-feldspathic  Rocks.) 

Rocks  in  which  olivine  is  a  chief  constituent,  in  which  the  feldspars  are  nearly 
or  completely  lacking,  and  in  which  the  remaining  chief  ingredient,  if  any,  is 
any  one  of  augite,  diallage,  enstatite  or  hypersthene,  are  included  under  the 
general  name  of  peridotite.  Only  one  locality  for  a  rock  of  this  class  is  known 
in  Wisconsin,  and  that  is  the  bed  of  the  Wisconsin  river  near  the  mouth  of 
Copper  river,  Lincoln  county.  ^  The  rock  seen  here,  in  its  fresher  portions,  is  of 
a  deep-black  color,  rough  texture,  and  greasy  luster,  large  sized  lustrous  cleavage 
surfaces  of  hypersthene  or  enstatite  appearing  here  and  there.  In  the  thin  sec- 
tion, olivine,  almost  entirely  altered  to  serpentine,  appears  as  the  chief  constit- 
uent of  the  rock.  The  crystals  of  enstatite  and  hypersthene  are  abundant,  and 
though  somewhat  altered  still  retain  their  optical  properties.  Magnetite,  hem- 
atite and  limonite  occur  in  abundant  particles,  and  are  plainly  results  of  the 
change  of  olivine  into  serpentine.  A  few  highly  altered  crystals  of  plagioclase 
are  present 

Syenite  and  Quabtzless  Porphyry* 

(Quartzless  Orthoclase  Rocks.) 

The  following  classification  shows  the  nature  and  relations  of  the  several  kinds 
of  massive  rocks  in  which  orthoclase  is  the  most  important  ingredient  occurring 
in  Wisconsin.  Quartz  does  not  occur  in  these  rocks,  except  in  an  altogether 
subordinate  manner,  or  as  a  secondary  substitution-product  of  the  orthoclase. 

Quartzless  Orthoclase  Rocks. 

L   GRANULAR. 

(1)  Orthoclase + hornblende Syenite. 

(2)  Orthoclase  +  augite Augite-syenita. 

n.   PORPHYRITIC. 

(8)  Aphanitic  groundmass  +  porphyritic  orthoclases  and 

plagioclases Quartzless  porphyry. 

Syenite.  Rocks  in  which  hornblende  and  orthoclase  are  the  chief  constituents, 
and  in  which  the  hornblende  is  not  evidently  a  mere  paramorphic  product  of 
augite,  and  which  at  the  same  time  are  non-schistose  in  texture,  are  very  rare 
in  Wisconsin,  if  indeed  they  do  occur  at  aU.    The  few  instances  mentioned  by 

«Vol.  IV,  pp.  708,711. 
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Wichmann  and  Brooks  from  the  Menominee  region  and  the  adjoining  part  of 
Michigan,  are,  to  judge  from  the  descriptions  given,  only  special  phases  of  diorite, 
or  else  are  uralitic  gabbros,  or  altered  augite-syenites.  ^  The  so-called  hornblende- 
rock  of  the  several  succeeding  volumes  of  this  rei>ort,>  being  in  large  part 
merely  a  phase  of  hornblende-schist,  and  in  part  uralitic  gabbro  or  diorite,  does 
not  deserve  any  special  place  here  as  belonging  to  a  separate  rook  species. 

Augit&Syenite,  In  Volume  m  of  these  reports  I  have  mentioned,  under  the 
name  of  granitic  porphyry,  a  reddish  granite-like  rock  as  occurring  among  the 
Keweenawan  rocks  of  Ashland  county.'  My  more  recent  and  more  extended 
studies  of  the  Keweenawan  series  have  shown  me  that  these  reddish  granite-like 
rocks  constitute  one  of  its  most  prominent  features,  and  that  they  include  kinds 
which  may  be  referred  to  augite-syenite,  granitic  prophyry,  and  true  granite. 
There  is,  in  fact,  as  I  have  elsewhere  shown,  among  the  Keweenawan  crystalline 
rocks  a  completely  graduated  series,  from  the  ultra-basic  olivine-gabbros,  to  highly 
acid  granite;  and  among  the  porphyritic  kinds  of  the  series,  from  the  basio 
diabase-porphyrites  through  the  quartzless  porphyries,  to  the  highly  acid  quartz- 
iferous  porphyries  and  felsites. 

Those  kinds  which  may  be  included  under  the  name  of  augite-syenite  have 
orthoclase  as  their  chief  constituent,  along  with  which  is  generally  found  a 
notable  proportion  of  oligoclase.  Augit«  is  the  remaining  chief  constituent,  but 
is  always  present  in  much  smaller  quantity  than  the  feldspars.  Only  cores  of 
the  augite  remain  unaltered,  its  place  being  taken  either  by  greenish  uralite  or — 
and  this  is  a  very  pronoimced  characteristic  of  the  augite  of  these  rocks  —  by  a 
mass  of  reddish  or  brownish  ferrite.  Another  remarkable  characteristic  of  these 
rocks  is  the  secondary  quartz  with  which  they  are  always  more  or  less  saturated. 
This  quartz  affects  especially  the  orthoclase,  increasing  in  quantity  with  the 
increasing  quantity  of  that  ingredient,  < 

Quartzless  Porphyry,  The  augite-syenites  just  mentioned  are  foimd  chiefly 
as  intersecting  masses  in  the  Keweenaw  series.  Ck)rresponding  to  them,  how- 
ever, among  the  lava-flows  of  the  same  series  are  the  quartzless  porphyries. 
These  present,  macroscopically,  a  brownish,  aphanitic,  conchoidally  fracturing 
matrix,  in  which  are  sprinkled  rather  sparsely  small  crystals  of  feldspar. 

Under  the  microscope  the  matrix  presents  various  mixtures  of  microcrystal- 
line  and  cryptocr>'stalline  material,  the  whole  commonly  stained  by  brown  fer- 
ritic  matter.  Orthoclase  and  oligoclase  are  generally  recognizable  among  the 
crystalline  ingredients  of  the  base,  and  more  rarely  augite  in  clusters  of  little 
points.  Secondary  quartz  sometimes  has  inflltrated  this  base,  but  is  much  less 
prominent  than  in  the  more  acid  or  true  quartziferous  porphyries.  At  the  time 
of  the  preparation  of  the  description  of  the  rocks  of  the  Keweenaw  series,  in 
YoL  III  of  these  reports,  the  existence  of  these  quartzless  porphyries  was  not  dis- 
tinctly recognized.  Such  rocks  are  now  known  to  occur  in  a  few  places  in 
Ashland  county,  as  for  instance  on  the  Oogogashugun  river,  near  the  north  line 
of  Sec.  8,  T.  46,  R,  2  E.* 

'Vol.  m,  pp.  623,  688,  620. 

•Vol.  n,  pp.  463,  472,  etc.,  and  Vol.  m,  pp.  187,  288,  524,  640,  70S,  eta 

■Vol.  m,  p.  1»5. 

<  For  a  full  description  of  these  auglte-syenltes,  with  illustrations,  see  mj  memoir  on  "The  Cop- 
per-Bearing Rocks  of  Lake  Superior.'*  Monographs  of  the  United  States  Geological  Survey, 
Vol.  V. 

•  This  rock  is  mentioned  in  VoL  m,  p.  196,  where  it  is  included  with  the  f elsitio  porphyries. 
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Granite,  Oranitio  Porphyby,  Feisite  akd  Quartziferous  Porphyrt. 

(Quartz-bearing  Orthoclase  Rocks.) 

The  following  classification  shows  the  natures  and  lelatioDs  of  the  ieyeral 
Wisconsin  rocks  which  fall  under  this  heading: 

Quartz-Bearing  Orthockue  Bocks. 

I.  ORAiniLAR  (Granite  family). 

(1)  Orthoclase + quartz Granulite  and  GranitelL 

(2)  Orthoclase +  plagioclase+ quartz -fmuscovite....  Muscovite-granite. 
(8)  Orthoclase 'fplagiocla8e+ quartz -fbiotite. Biotite-granite. 

(4)  Orthoclase +plagioclase')- quartz -fmuscorite  and 

biotite Muscovite-biotite  Granite. 

(5)  Orthoclase +plagiocla8e+ quartz f hornblende...  Hornblende-granite. 

(6)  Orthoclase  +  plagioclase  +  quartz + hornblende + 

biotite Homblende-biotite  Granite. 

(7)  Orthoclase + plagioclase  -f  quartz  -h  augite Augite-granite. 

(8)  Granites  in  which  there  is  a  tendency  towards  a 

porphyritic  development,  and  which  thus  pre- 
sent us  with  a  transition  towards  the  quartz- 
iferous porphyries,  are  included  under Granitic  Porphyry. 

n.  PORPHYRino  (Felsitic  porphyry  family). 

( 9 )  Felsitic  matrix  without  prominent  porphyritic 

ingredients Felsita 

(10)  Felsitic  matrix  with  porphyritic  quartzes  and 

feldspars. Quartziferous  Porphyry. 

(11)  Felsitic  matrix  with  porphyritic  feldspars  only.  Feldspar-Porphyry. 

Oranulite  or  OranitelL  Both  of  these  names  have  been  applied  to  rocks  which 
are  essentially  mixtures  of  orthoclase  and  quartz.  Such  rocks  in  the  shape  of 
veins  traversing  gneiss  occur  to  a  considerable  extent  in  the  vicinity  of  Grand 
Rapids  and  Stevens  Point, on  the  Wisconsin  river,  i  As  developed  here,  the  granitell 
is  a  fine-grained  to  coarse-grained,  pinkish  to  red  rock,  in  which  the  feldspar  and 
quartz  are  both  easily  distinguishable  to  the  naked  eye.  Under  the  microscope  ^ 
the  orthoclase  and  quartz,  in  nearly  equal  proportibns,  are  seen  to  be  the  chief 
ingredients.  Oligoclase  and  microcline  are  commonly  mingled  in  some  little 
quantity  with  the  orthoclase;  while  in  a  few  slices  the  microcline  was  seen  to 
equal  the  orthoclase  in  quantity.  Minute  quantities  of  biotite,  augite,  chlorite, 
limonite,  magnetite,  apatite,  are  found  as  accessories. 

In  the  sandstone  regions  of  Green  Lake  and  Marquette  counties  a  number  of 
isolated  mounds  of  massive  rocks  rise  through  the  overlying  sandstone.  Some 
of  these  are  composed  of  granite,  whilst  others  are  quartziferous  porphyry. 
Some  of  the  porphyries,  as  indicated  below,  tend  more  and  more  towards  a 
completely  and  coarsely  crystalline  structure,  thus  approaching  granitic  por^ 
phyry  or  granitell  in  character.  In  the  case  of  the  rock  of  Pine  Bluff,  in  the 
N.  W.  qr.  Sec.  2,  T.  17,  R.  11  £.,  Green  Lake  county,  the  crystallization  is  so 
coarse  that  the  rock  can  no  longer  be  called  felsitic,  but  on  the  contrary  must  be 
placed  with  the  granitells.  On  study  it  is  found  to  be  an  intimate  mixture  of 
quartz,  orthoclase  and  microcline,  along  with  which  a  few  particles  of  mica 

>  VoL  IV,  pp.  020, 886, 048;  Vol  n,  pp.  478, 481. 
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occur,  while  abundant;  apatite,  with  some  magnetite,  hematite,  and  chlorite,  are 
the  accessories. 

ChratUtes,  The  granites  carrying  mica  to  the  exclusion  of  hornblende  are  less 
common  in  Wisconsin  than  those  in  which  hornblende  is  an  essential  constitu- 
ent, while  of  those  carrying  micas  only,  the  muscovito-granites  are  hardly  known. 
Moreover,  granites  of  any  kind  that  are  not  merely  dependencies  or  phases  of 
gneiss,  are  uncommon. 

MacroscopicaUy  the  granites  are  nearly  always  coarse  enough  to  show  the 
quartz,  feldspars,  and  mica  or  hornblende  to  the  naked  eye,  while  some  kinds 
have  an  extreme  degree  of  coarseness,  the  feldspars  reaching  sometimes  one  to 
two  inches  in  width.  The  common  color  is  some  shade  of  pink  or  red,  from  the 
predominance  of  reddish  feldspars.  The  mica  or  hornblende  ingredient  is  always 
in  quite  subordinate  quantity,  and  often  sinks  out  of  sight  altogether. 

Under  the  microscope  the  quartz  of  granite  is  always  seen  in  irregularly 
bounded  grains  which  mould  themselves  around  the  feldspars  in  such  a  manner 
as  to  prove  their  subsequent  deposition.  These  grains  are  frequently  highly 
chaiged  with  cavities  containing  fluid  inclosures,  the  liquid  in  which  is  at  times 
liquid  carbonic  acid,  at  times  water,  and  again  is  a  saline  solution.  Other  com- 
mon inclusions  in  the  quartz  of  granite  are  prisms  of  apatite,  deep  red  folia  of 
hematite,  particles  of  mica,  and  long  needles  of  rutile.  The  orthoclase  particles 
of  granite  present  no  unusual  characters  beyond  what  have  already  been  de- 
scribed in  a  previous  chapter.  Microcline  is  very  common  among  the  Wisconsin 
granites  and  gneisses,  not  unfrequently  occurring  in  nearly  as  large  quantity  as 
the  orthoclase.  The  plagioclase  is  always  oligoclase.  The  micas  present  no  im- 
usual  characters.  The  hornblende  is  commonly  of  the  greenish  variety,  although 
in  a  few  cases  brown  basaltic  hornblende  has  been  observed;  as  for  instance  in 
the  coarse  hornblende-granite  of  Wausau,  in  which  both  green  and  basaltic 
varieties  occur.  Several  cases  also  have  been  noticed  in  which  the  hornblende  is 
merely  altered  augite  or  even  altered  diallage.  Contrary  to  the  generally  re- 
ceived view,  augite — of  the  variety  sahlite  —  is  a  frequent  accessory  in  Wisconsin 
granites,  while  nut  a  few  varieties  have  been  noted  in  which  the  augito  is  present 
to  the  entire  exclusion  of  both  hornblende  and  mica. 

As  prominent  instances  of  granite  in  Wisconsin  may  be  mentioned  the  biotite- 
granite  which  underlies  a  large  area  in  the  Huronian  of  the  Menominee  river 
region;  >  the  coarse  homblende-biotite  granite  of  the  Eau  Claire  river,  Marathon 
county,^  the  very  coarse  hornblende-granite  of  Wausau,  Marathon  county  —  in 
which  the  hornblende  is  plainly  only  a  paramorphic  product  of  diallage;  the  horn- 
blende-granite of  Little  Bull  falls  on  the  Wisconsin  river ' — in  which  the  horn- 
blende again  is  only  altered  augite;  the  mica-granite  of  Montello  in  Marquette 
coimty,  and  Spring  Lake  in  Waushara  county;  ^  the  very  coarse  granite  of  the 
upper  Wolf  river;  and  the  granite  intersecting  gabbro  at  Bad  River  falls  north 
of  the  Penokee  range,  Ashland  county. <^  A  figure  of  the  last  named  granite  Is 
given  at  Fig.  2,  Plate  XV  C,  Vol.  IIL 

Oranitic  Porphyry,  In  the  Keweenaw  series  of  Lake  Superior  a  rock  is  met 
with  which  is  intermediate  between  the  quartziferous  porphyries  on  the  one  hand, 

...... . Ik 

•Vol.  m,  p.  619. 
•Vol.  IV,  pp.  686-688. 
»Vol.  IV,  pp.  650,  665. 
♦Vol.  n,  pp.  621,628. 
•VoLUI^p.  174. 
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and  the  granitells  and  true  granites  on  the  other,  and  to  which,  on  accotint  of  its 
tendency  to  a  porphyritic  development,  the  name  of  granitic  porphyry  has  been 
applied.  1  As  already  indicated  this  is  one  of  the  three  phases  of  granite-like 
rocks  met  with  in  the  Keweenaw  series,  the  other  two  being  aUgite-syenite  and 
true  granite.3 

FeUitic  Porphyries,  The  f  elsitic  rocks  are  acid  rocks  whose  base  is  completely 
homogeneous  to  the  naked  eye,  and  whose  composition  shows  that  they  have 
,  essentially  the  composition  of  orthoclase,  with  the  addition  of  more  or  less  super- 
fluous silica.  When  the  rock  is  without  any  porphyritic  ingredients,  it  is  known 
as  a  felsite;  if  qiiartz  is  at  all  prominent  among  the  porphyritic  ing^redients,  it  is 
a  quartz-x)orphyry,  and  if  the  feldspars  alone  appear  among  the  porphyritic  in- 
gredients, it  is  a  feldspar  porphyry.  All  these  varieties  may,  and  frequently  do, 
occur  in  the  same  rock  mass,  while  those  felsites  in  which  there  is  no  porphyritic 
quartz  at  all  are  often  as  acid  as  the  true  quartziferous  porphyries. 

The  nature  of  the  f elsitic  groundmass  of  these  rocks  has  been  the  subject  of 
much  discussion  in  the  past.    Before  the  application  of  the  microscope  to  its 
study,  it  was  held  by  some  to  be  a  simple  mineral,  by  others  to  be  a  crystalline 
granular  mixture  of  quartz  and  orthoclase,  and  by  yet  others  was  looked  upon 
as  merely  a  sort  of  a  residuum  of  crystallization,  or  a  sort  of  a  mother  liquor. 
It  appears  now,  however,  to  be  thoroughly  well  established  tliat  the  felsitio 
groimdmass  varies  considerably  in  its  nature  in  different  cases.     In  some  felsites 
not  distinguishable  from  others  macroscopically,  the  groundmass  is  certainly 
merely  a  fine-grained  aggregate  of  the  same  minerals  found  constituting  granite, 
especially  quartz  and  orthoclase.    These  kinds  are  a  step  below  the  granitic 
porphyries  above  mentioned.    Felsitic  rocks  in  which  the  matrix  is  of  this  char- 
acter are  designated  as  microcrygtdUine  by  Bosenbusch.    In  other  felsitic  rocks 
again  the  groundmass,  while  made  up  completely  by  doubly  refracting  particles, 
yet  has  these  particles  so  excessively  fine  that  their  mineralogical  nature  is  no 
longer  recognizable.    Such  groundmasses  as  this  Rosenbusch  calls  cryptocrystal- 
line,  or  hidden  crystalline.     In  still  other  cases  large  portions,  or  even  all,  of  the 
felsitic  matrix,  is  perfectly  isotropic,  that  is,  does  not  doubly  refract  light    This 
material,  according  to  Rosenbusch,  may  be  of  two  kinds,  which  often  occur  to- 
gether, and  again  occur  interwoven  with  cryptocrystalline  matter.     One  of  these 
substances,  whilst  completely  isotropic,  is  not  absolutely  structureless,  appearing 
in  excessively  minute,  colorless,  grayish,  yellowish,  or  brownish  scales,  fibres, 
granules,  or  aggregates  of  granules.    This  substance,  which  differs  from  perfect 
glass  in  not  being  completely  structureless,  is  call^ed  the  microfelsitic  base  by 
Rosenbusch.     At  times,  however,  there  is  present  in  minute  films,  stripes  and 
particles  interwoven  with  the  microcrystalline  or  cryptocrystalline  matter,  a 
completely  structureless  substance,  which  may  be  either  absolutely  homogeneous, 
or  may  be  clouded  with  dark  hair-like  particles  or  granules.    This  substance, 
since  it  is  plainly  of  the  nature  of  a  true  glass,  Rosenbusch  calls  the  glass  base. 
The  felsitic  rocks  of  Wisconsin  are  of  especial  importance  in  the  Keweenawan 
rocks  bordering  Lake  Superior,'  but  they  occur  also  prominently  associated 
with  the  quartzites  of  the  Baraboo  region,^  and  in  isolated  moimds  rising 
*  through  the  superincumbent  Cambrian  sandstone  of  Marquette  and  Green  Lake 

» Vol.  m,  pp.  87,  185. 

*See  Copper- Bearing  Rocks  of  Lake  Superior;  Monographs  of  the  U.  8.  Geological  Survej» 
Vol.  V. 
•Vol.  I1I»  pp.  196-198. 
•Vol.n,pp.518-«l&. 


UTHOLOOY  OF  WISCONSIN.  861 

counties.^  These  rocks  are  quartziferous  porphyries,  and  appear  to  belong  to  the 
Horonian.  Other  quartziferous  porphyries,  apparently  belonging  to  the  Huron- 
ian,  are  met  with  in  the  Wisconsin  valley  in  the  vicinity  of  Wausau,2  while  on 
Yellow  river  a  quartz-porphyry  is  found  cutting  gneiss. ' 

The  Lake  Superior  felsitic  rocks  include  all  three  kinds  named,  the  different 
kinds  occurring  distinct  in  separate  beds  and  again  in  the  same  mass.  The  pre- 
vailing color  is  some  quite  bright  shade  of  red.  Frequently  this  red  is  blotched 
with  lighter  shades  or  even  with  white,  and  often  the  lighter  colored  material  is 
arranged  in  waving  or  contorted  lines  or  rows  of  spots.  This  peculiar  banding, 
which  at  times  becomes  very  pronounced,  is  plainly  a  result  of  a  flowage  of  the 
rock  when  in  a  molten  or  semi-molten  condition,  and  the  same  flowage  structure 
is  often  emphasized  by  the  linear  arrangement  of  the  porphyritic  ingredients. 
Under  the  microscope  the  matrix  of  these  rocks  is  found  to  be  for  the  most  part 
made  up  of  cryptocrystalline  and  microfelsitic  matter.  Distinctly  recognizable 
orthoclase  and  quartz  particles  in  the  matrix  are  only  very  rarely  met  with.  In 
general,  it  may  be  said  that  the  matrix  of  these  rocks  is  not  very  far  from  the 
glassy  condition,  although  it  is  uncertain  tliat  any  true  glass  is  contained.  The 
flowage  structure  seen  macroscoi>ically  is  still  more  beautifully  brought  out  in 
the  thin  section,  in  which  red  and  white  material  are  to  be  seen  interbanded  in 
wavy,  non-continuous  lines.  Very  characteristic  are  the  deep  brown  and  deep 
red  to  black,  opaque,  irregularly  outlined  to  needle-sliaped  f  errites.  These  occur 
especially  in  the  red  bands,  and  are  often  arranged  in  flowage  lines  in  a  very 
pronounced  manner.  Though  wholly  absent  from  some  sections,  a  highly  char- 
acteristic feature  of  the  matrices  of  many  of  these  Lake  Superior  rocks,  and 
more  particularly  of  the  non-porphyritic  felsites,  is  a  saturation  by  secondary 
quartz,  which  is  arranged  in  an  exceedingly  delicate  and  often  arborescent  net- 
work. 

Of  the  porphyritic  ingredients  in  these  rocks,  the  feldspars  are  the  most  com- 
monly and  abundantly  present,  appearing  in  regularly  outlined  crystals  usually 
of  a  red  color,  though  occasionally  white  and  porcellanous,  and  ranging  in  size 
from  very  minute  particles  just  visible  to  the  naked  eye,  to  those  which  are  a 
quarter  or  even  half  an  inch  in  length.  They  include  both  orthoclase  and  oligo- 
clase,  which  occur  either  separately  or  together  in  tlie  same  rock.  Except 
where  corroded  or  eaten  into  by  the  fused  matrix,  they  show  very  regular 
crystalline  outlines,  and  even  in  this  case  some  remnants  of  their  outlines  are 
commonly  perceptible.  In  a  number  of  sections  the  feldspars  are  seen  to  have 
been  not  only  eaten,  but  also  shattered,  before  the  solidification  of  the  surround- 
ing magma.  The  porphyritic  quartzes  of  these  rocks  present  the  usual  char- 
acters of  the  quartzes  of  such  rocks  from  other  regions,  showing  macroscopically 
a  glassy  rough  surface,  a  nearly  black  color  —  due  to  the  dark  back-ground 
against  which  they  lie  —  and  more  or  less  evident  crystalline  outlines;  while 
microscopically  they  are  seen  to  be  sections  of  doubly  terminated  crystals  more 
or  less  eaten  into  and  rounded  by  the  matrix.  The  rhombohedral  angle  of 
quartz  being  only  a  few  degrees  over  90**,  and  the  prismatic  planes  bemg  com- 
monly very  subordinate,  or  entirely  absent,  these  quartz  sections  often  present 
a  nearly  square  shape.  The  fused  matrix  has  often  corroded  these  crystals  in 
such  a  manner  as  to  reach  far  into  their  interior  in  club-shaped  projections.  The 
necks  by  which  these  projections  are  connected  with  the  matrix,  being  often 

»VoLn,  pp.  519-521. 

•Vol.  rV,  pp.  661,  670-6ra. 

•  YoL  n,  p  491,  and  Vol.  IV,  pp.  646, 648. 
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oblique  to  the  plane  of  section,  are  entirely  removed  by  the  grinding  procesB, 
when  the  misleading  appearance  is  presented  of  the  existence  of  isolated  inchi- 
sions  of  the  matrix  within  the  mass  of  the  quartz.  Veritable  glass  inclusions, 
however,  are  seen  in  the  shape  of  doubly  terminated  *'  negative  crystala**  i 

The  febitic  i>orphyrie8  of  the  Baraboo  regicm,  and  thence  northward,  differ 
from  those  of  the  Lake  Superior  region  in  their  common  dark  color — dark  red 
to  black  — in  the  completely  crystalline  nature  of  the  matrix,  and  in  their  rela- 
tively large  content  of  magnetite  particles.  Some  of  these  rocks,  in  fact,  have 
a  so  completely  crystalline  matrix  as  to  approach  near  to  the  granitic  porphyries. 

The  porphyries  of  the  vicinity  of  Wausau  are  intermediate  as  to  the  nature 
of  the  matrix  between  those  of  the  Lake  Superior  and  Baraboo  regions,  the 
g^undmass  in  them  being  composed  in  part  of  cryptocrystalline  and  in  part  of 
microcrystalline  material,  whilst  some  microfelsitic  matter  is  not  unfrequently 
found  in  them.  They  are  gray  to  nearly  black  in  color  and  contain  the  usual 
I>orphyritic  quartzes  and  feldspars. 

ONEIS& 

The  essential  constituents  of  gneiss  are  the  same  as  those  of  granite;  that  is  to 
say,  it  is  composed  of  quartz,  orthoclase  and  plagioclase,  as  invariable  constit- 
uents; and  one  or  other  —  or  more  than  one  at  a  time  —  of  muscovite,  biotite, 
sericite,  hornblende,  augite  apd  chlorite,  as  essential  but  variable  oonstituentB. 
Gneiss  is  distinguished  from  granite,  however,  by  having  a  more  or  less  com- 
pletely parallel  arrangement  of  its  constituents,  by  which  a  stratified  appearance 
is  produced.  This  stratification  or  parallel  arrangement  of  its  ingredients  is 
commonly  believed  to  have  been  caused  by  the  process  of  sedimentation,  the 
crystalline  texture  now  shown  by  gneiss  and  all  other  crystalline  schists  being 
regarded  as  the  result  of  a  peculiar  process  of  molecular  rearrangement  known 
to  geologists  as  "  metamorphism.**  While  it  seems  very  probable  that  there  is  a 
great  deal  of  truth  in  this  view,  the  theories  of  metamorphiam  as  they  now 
stand  are  very  unsatisfactory.  Many  rocks  which  have  been  called  metamor- 
phic  are  plainly  of  an  eruptive  origin,  and  it  seems  not  improbable  that  the  same 
origin  is  to  be  attributed  to  some  rocks  with  a  strongly  developed  schistose  struct- 
ure. One  of  the  most  difficult  things  to  imderstand  about  gneiss  and  the  other 
crystalline  schists  is  the  arrangement  of  the  particles  of  the  constituent  minerals, 
especially  mica  and  hornblende,  with  their  cr3r8tallographic  axes  more  or  less 
thoroughly  in  a  common  direction.  A  section  of  gneiss,  for  instance,  parallel 
to  the  lamination,  will  often  show  much  the  larger  part  of  the  mica  in  sections 
parallel  to  the  base. 

The  following  list  includes  the  names  and  compositions  of  the  most  prominent 
varieties  of  gneiss  met  with  in  Wisconsin: 

(1)  Orthoclase  +  plagioclase  +  quartz  +  muscovite Muscovite-gneiss. 

(2)  The  same  as  (1)  +  biotite Muscovite-biotite-gneiss. 

(3)  Orthoclase  +  plagioclase  +  quartz  +  sericite Sericite-gneiss. 

(4)  Orthoclase  +  plagioclase  +  quartz  4-  hornblende Hornblende-gneiss. 

(5;  Orthoclase  +  plagioclase  +  quartz  +  hornblende  + 

biotite Homblende-biotite-gneiss^ 

(6)  Orthoclase  +  plagioclase  +  quartz + augite Augite-gneias. 

(7)  Orthoclase  +  plagioclase  +  quartz  +  chlorite Chlorite-gneiss. 

1 1  have  devoted  a  proportionally  large  amount  of  space  to  tho  felaitic  porphyries  of  the  Kewee- 
naw series,  not  only  because  of  their  great  interest,  but  because  they  are  not  anywhere  described 
microscopically  in  these  reports.  For  a  very  complete  description  of  them  with  figures,  see  my 
memoir  on  the  Ck>pper-Bearing  Hocks  of  Lake  Suiterlor,  already  referred  to. 
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Between  these  different  tjpes  there  are,  of  ooorse,  all  sorts  of  gradation  forms, 
which  are  distinguished  in  name  by  using  adjectiyes  made  from  the  name  of 
the  less  common  ingredient;  for  instance,  augitio  biotite-gneiss,  homblendio 
biotite-gneiss,  etc  Pure  muscovite-gneisses  maj  be  said  to  be  almost  unknown, 
though  not  uncommon  in  other  gneissie  regions.  The  commoner  kinds  in  Wis- 
consin are  the  biotite-gneiss,  biotite-muscovite-gneiss,  homblende-gneiM  and 
augite-gneiss.  Augite  (sahlite)  had  been  occasionally  noticed  as  anaooessorj 
constituent  of  gneiss  from  several  regions,  ^  but  among  the  Wisconsin  rocks  it 
occurs  not  only  as  an  almost  universal  accessory  among  the  micaceous  varieties, 
but  enters  into  the  composition  of  a  widespread  variety — here  for  the  first 
time  recognized  under  the  name  of  augite-gneiss  —  as  an  essential  constituent. 
Moreover,  so  far  as  the  gneisses  of  the  Wisconsin  valley  are  concerned,  the 
chlorite  and  hornblende  contained  in  them  are  invariably  alteration-products  of 
the  augite.  That  the  same  is  true  of  all  other  hornblende-bearing  gneisses  in 
the  state  is  probable. 

As  prominent  instances  of  the  occurrence  of  gneiss  in  Wisconsin  may  be  men- 
tioned the  coarse-grained  augitic  and  homblendio  biotite-gneisses  at  Gkand 
Bapids  and  Stevens  Point  on  the  Wisconsin  river;  2  the  augite-gneisses  and 
hornblende-gneisses  of  the  valley  of  the  Upper  Rib  river  in  Marathon  county,* 
and  on  the  Wisconsin  river  in  the  vicinity  of  Merrill,  Lincoln  county;^  and  the 
chloritic  hornblende-gneisses  immediately  south  of  Penokee  Qap,  Ashland 
county.^  Fig^ures  of  the  appearance  of  the  thin  sections  of  the  last  named 
gneiss  are  given  in  Plate  XTT  A,  Vol.  IIL 

MICA-SCHIST. 

Micarschists  are  composed  essentially  of  quartz  and  either  one  or  both  of  the 
common  micas.  The  quartz,  in  minute  closely  interlocked  grains,  forms  the 
groundmass,  in  which  are  more  or  less  thickly  scattered  the  scales  of  mica. 
These  scales  lie  for  the  most  part  with  the  basal  cleavage  parallel  to  the 
schist-plane.  The  groundmass  usually  contains  in  addition  to  the  quartz  more 
or  less  feldspar,  principally  orthoclase,  which  at  times  forms  even  the  larger  part 
of  the  base.  Greenish  hornblende  is  very  frequently  present  as  an  accessory, 
and,  as  it  increases  in  quantity,  presents  us  with  transition-forms  towards  the 
true  hornblende-schists.  In  the  same  way  through  the  introduction  of  chlorite 
and  augite  we  have  gradation-forms  towards  the  chlorite-schists  and  augite- 
schists.  Magnetite  is  a  common  accessory,  appearing  in  sharply  defined  sections 
of  octahedral  crystals.  Certain  schists  are  characterized  by  the  presence  in 
abundance  of  andalusite  or  staurolite. 

By  varying  coarseness  of  grain  and  of  lamination  the  mica-schists  gprade  on 
the  one  hand  into  gneiss,  and  on  the  other  into  aphanitic  kinds.  Some  of  these 
aphanitic  kinds  have  a  black  color  due  to  a  minute  quantity  of  carbonaceous 
matter.  With  the  increasing  fineness  of  g^rain  there  is  also  always  a  more  per- 
fectly developed  slaty  cleavage.  By  a  hydration  and  molecular  rearrangement 
of  the  mica  particles,  the  mica-schists  pass  over  into  the  so-called  hydro-mica 
schists,  described  below  under  the  name  of  sericite-schists,  the  mineral  sericite 
being  commonly,  if  not  always,  the  hydro-mica  present. 

As  typical  instances  of  the  occurrence  of  mica  schists  in  Wisconsin,  may  be 

»Vol.  m,  p.  808. 

*  VoL  IV,  pp.  828,  esi-tax^  889-Ml 
•Vol.  IV,  pp.  888,  804-808. 

*  VoL  IV,  pp.  708-708. 

*  VoL  m,  pp.  0S-OO. 

Vol.  I—! 
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Toentioaed  the  black  inica^«lale  forming  Formatioiis  VII,  Xn  and  XIV  of  the 
PeDokce  Hnronian;!  the  chiastolitic  mica^glate  composiiig  XVI  of  the  nine 
series;  <  the  ligfat-gra j  to  dark-graj,  rather  ooarBe-gratned  biotite^echiat  oompoe- 
ing  XXI  of  the  same  series;'  the  staorolitic  and  ottier  nuca-schists  of  the  Me- 
nominee region;  4  and  the  biotite-schist  of  the  Eaa  daire  rirer  in  ^•*^t'*^*i 
coontj.^  Mica-schistB  are  figoied  at  Figs.  4  and  5,  Plate  XV  A,  and  1  and  8; 
Plate  XV  C,  VoL  m. 

SERicrrE-scmsT  (hydro-mica-^chist). 

Formerly  all  greasy-sorfaoed  schists  were  looked  npon  as  talcoee.  Since  the 
application  of  the  microscope,  however,  it  is  known  that  most  of  these  schists 
are  non-magnesian,  and  that  true  talc-schists  are  of  comparatiTel  j  rare  oocor- 
rence.  Some  of  the  hjdro-mica  schists  appear  to  be  simply  muscorite-schistB, 
in  which  the  muscovite  has  undergone  a  partial  hydration,  and  decomposition; 
bat  in  other  cases  the  micaceoos  ingredient  is  plainly  a  mineral  distinct  from 
muscovite.  This  is  the  so-called  sencite  of  Lost.  The  Wisconsin  hydro-mica 
schists  seem  to  be  altogether  of  the  nature  of  sericite-scbist. 

Two  types  of  these  schists  are  known  among  the  Wisconsin  rocks.  In  one  of 
these  the  micaceous  ingredient  is  especially  prominent,  being  readily  perceptible 
to  the  naked  eye,  while  in  the  other  it  sinks  to  particles  of  microscopic  size,  its 
pfesence  bemg  indicated  macroscopically  only  by  a  greasy  sheen  upon  the 
schistose  surfaces.  By  a  decrease  in  the  amount  of  sencite,  schists  of  the  latt^ 
type  grade  into  true  quartz-schist.  There  is  also  a  gradation,  by  the  introduc- 
tion of  argillaceous  matter,  into  the  clay-slates.  This  argillaceous  matter  ia 
commonly  regarded  as  the  result  of  an  orig^inal  sedimentation,  but  it  is  certainly 
in  the  case  of  some  of  the  sericitic  schists  merely  a  decomposition-result. 
Quartz  is  always  one  of  the  chief  constituents  of  sericite-schist.  forming  the 
groundmass  in  which  the  scales  of  sencite  are  interwoven.  Larger  particles 
of  quartz  occur  at  times,  and  while  these  commonly  have  rounded  contours, 
others  are  sections  of  rhombohedral  crystals,  such  as  occur  in  the  felistic  por- 
phyries. Such  porphyritic  quartzes  are  very  prominent  in  the  sericite-schists  of 
the  iron  region  of  Vermillion  lake,  in  Minnesota,  where  other  things  occur  to 
suggest  their  possible  origin  from  the  alteration  of  felsitic  porphyry.  As  in- 
stances of  sericite-schists  in  Wisconsin  may  be  mentioned  the  greasy-surfaced 
aphanitic  schist  forming  much  of  Formation  UI  of  the  Penokee  Huronian,* 
and  the  sericite-schists  of  the  Menominee  region,  so  fully  described  by  Wich- 
mann.7 

AMPHIBOLITE-SCHIST.  # 

(Including  hornblende-schist  and  actinolite-schist.) 

Hornblende-Schist.  As  already  indicated,  by  the  introduction  of  hornblende, 
the  mica-schists  pass  over  into  hornblende-schists,  the  mica  finally  disappearing  al- 
together. Macroscopically  the  hornblende-schists  are  not  often  to  be  distinguished 
from  the  biotite  mica-schist,  and  the  resemblance  remains  even  in  the  thin  sec- 
tion, save  that  hornblende  takes  the  place  of  biotite.    Apatite  also  is  a  much 

>Vol.  in,pp.  13»-141. 
•Vol.  in,  p.  143. 
•Vol.  m,  p.  145. 
<Vol.  Ill,  pp.  526,651 
•Vol.  IV,  pp.  686,  689-601. 

•Vol.  HI,  p.  3.    The  nature  of  the  mlcaoeoiis  ingredient  of  this  rock  is  not  recognized  tn  the  de 
■criptiODB  in  Vol.  HL 
vV6Lm,pp.  68&-480. 
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more  common  acoessory  in  the  hornblende-schists  than  in  the  mica-schists. 
What  has  ah^ady  been  said  of  the  groundmass  of  mica-schist  applies  equally 
well  to  hornblende-schist.  Augite  (sahllte)  is  a  very  common  accessory,  and 
may  very  frequently  be  seen  passing  over  into  hornblende.  So  far  as  my  own 
examinations  have  extended,  all  of  the  hornblende  of  these  augitic  varieties  is  of 
a  secondary  nature,  having  resulted  from  the  alteration  of  an  augitic  constituent, 
and  I  have  no  doubt  but  that  the  same  will  prove  to  be  true  of  all  other  of  the 
Wisconsin  hornblende-schists.  The  common  accessories  in  these  hornblende- 
dchists,  in  addition  to  apatite  and  sahlite,  already  mentioned,  are  magnetite, 
hematite,  titanic  iron,  the  characteristic  gray  alteration-product  of  titanic  iron, 
titanite  and  biotite. 

The  hornblende-schists  are  very  much  more  abundant  in  Wisconsin  than  the 
mica-schists,  and  indeed  than  any  other  kind  of  schistose  rock,  excepting  gneiss. 
As  typical  instances  may  be  mentioned  the  hornblende-schists  of  the  Menomi- 
nee region;  i  those  interstratified  with  gneiss  in  the  vicinity  of  Grand  Rapids 
and  Stevens  Point  on  the  Wisconsin  river;  2  and  those  of  the  upper  Rib  river, 
in  Marathon  county.' 

Actinolite-achist  In  certain  rather  unusual  forms  of  amphibolite-schist  the 
amphibole  is  actinolite  instead  of  hornblende.  These  forms  embrace  three 
types.  In  one  of  these  the  long  actinolite  needles  form  most  of  the  rock, 
the  groundmass  in  which  they  are  imbedded  being  composed  of  quartz  grains 
along  with  some  chlorite.  In  another  the  quartz  sinks  nearly  or  quite  out  of 
sight,  and  is  mingled  with  a  large  proportion  of  magnetite,  mostly  in  clusters  of 
well  crystallized  grains,  while  in  the  third  the  actinolite  is  associated  with  a 
large  proportion  of  garnet.  The  actinolite-schists  have  been  observed  chiefly  in 
the  Menominee  and  Penokee  regions,  where  they  are  associated  with  some  of 
the  lower  magnetic  ores.* 

AUOITK-8CHIST. 

Wichmann  first  showed  the  existence  in  Wisconsin  of  schistose  rocks  in  which 
augite  takes  the  place  of  the  hornblende  of  hornblende-schist  and  of  the  mica 
of  mica-schist.*  I  have  since  found  that  such  rocks  are  quite  common  in  the 
Upper  Wisconsin  valley,  where  they  occur  grading  into  hornblende-schist  and 
interstratified  with  and  grading  into  augite-gneiss.  The  groundmass  of  these 
rocks  is  chiefly  quartzose,  and  entirely  similar  to  that  of  the  hornblende-schists 
and  mica  schists.    The  augite  is  always  of  the  variety  sahlite. 

I  have  already  indicated  my  belief  that  the  hornblende-schists  of  Wisconsin 
are  but  altered  forms  of  augite-schist.  As  typical  instances  of  Wisconsin 
ftugite-schists  may  be  mentioned  those  of  Trapp  river  in  Lincoln  county,  ^  and 
those  of  the  Upper  Rib  river  in  Marathon  county.'' 

CHLORITE-SCmST. 

Chlorite  schists  are  dark-greenish,  greasy-lustered  rocks,  in  which  chlorite,  in 
closely  aggregated  or  interwoven  folia,  is  the  chief  constituent.  Quartz  is  the 
principal  groundmass  mineral.       It  may  sink  nearly  out  of  sight,  or  may  pre- 

>  VoL  m,  pp.  64(MW5. 

•  Vol.  IV,  pp.  029,  687,  644. 

•  Vol.  IV,  pp.  694-606. 

«  Vol.  m,  pp.  105, 119, 123, 151,  482,487,  626,  645,  687,  689. 

•Vol.  m,  p.  645. 

•Vol.  IV,  p.  669. 
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dominate  over  the  chlorite  fai  qnantitj.  Hie  feldspan,  chieflj  orthoclafle,  also 
often  enter  into  the  gronndmaaB.  Magnetite  and  biotite  are  the  meet  constant 
accesBories;  more  rarely  mnscovite,  calcite,  apatite,  titanic  iron,  zircon,  toor- 
maline,  and  actinolite  are  met  with.  The  chlorite-schists  grade  into  chloritic 
gneiflBeflb  There  can,  I  think,  be  little  doubt  that  all  of  the  chlarite-echistB,  as 
well  as  the  chloritic  gneisses,  are  altered  rocks.  In  large  part  thej  are  a  result 
of  the  change  of  the  homUende  of  hornblende-schist  or  gneiss,  and  since  these 
are  often  secondary  tp  angitic  rocks,  the  chlorite-schists  have  often  originaDy 
been  augite-echists.  Other  chloritic  rocks  to  which  the  term  chlorite-schist  has 
been  applied  are  merely  altered  diabases,  and  therefore  of  eruptive  origin. 

Chlorite-schist  is  not  very  common  in  Wisconsin.  It  occurs  to  some  extent 
in  the  Henominee  r^on.i 

TALOSCmST. 

Talc-schist  consists  principally  of  minute  folia  of  talc.  There  is  somettmes 
present  a  quartzoee  groundmass.  Small  particles  of  magnetite  and  hematite 
occur  as  accessories.  Talc-schist  is  a  rock  of  rare  occurrence  anywhere. 
Wichmann,  in  his  microscopic  descriptions  of  the  Menominee  region  rocks,  men- 
tions only  two  occurrences  of  talc-schist,  and  both  of  these  are  from  the  vicinity 
of  Marquette  in  Michigan.  The  rock  of  the  Big  Quinneeec  falls,  described  as 
talc-scliist  by  Wright  and  others,'  has  been  shown  by  Wichmann  to  be  sericite- 
schist.  The  soft  talc-like  schists  in  the  vicinity  of  Black  River  Falls  in  Jackson 
county,'  have  never  been  examined  under  the  microscope,  or  chemically.  They 
are  probably  sericite-schist.  It  thus  remains  doubtful  whether  true  talc-schist 
occurs  anywhere  in  Wisconsin. 

XAQNBTITK-SCEaST  AND  HEMATTTE-SCHIBT. 

Schistose  rocks,  in  which  magnetite  is  the  predominant  constituent,  are  very 
prominent  in  the  Huronian  of  the  Penokee  and  Menominee  regions.  These 
schists  are  found  of  two  principal  varieties.  In  one  of  these  the  magnetite, 
usually  in  aggregated  crystalline  grains,  is  associated  with  a  completely  crystal- 
line quartz  groundmass.  In  some  sections  this  groundmass  appeara  to  be 
entirely  made  up  of  quartzose  particles,  which  lie  where  originally  deposited; 
but  in  other  cases  there  is  a  distinctly  arenaceous  or  sandy  texture,  and  the  rock 
seems  to  be  plainly  of  a  fragmental  origin.  In  the  other  type  the  magnetite 
is  associated  with  tremolite  or  actinolite,  either  with  or  without  the  quartz.  In 
both  varieties  specular  hematite  often  takes  in  part  the  place  of  the  magnetite. 
The  hematite  increasing  in  quantity,  we  have  gradation  types  towards  the  hema- 
tite-schists, in  which  quartz  and  micaceous  or  scaley  hematite  are  the  essential 
constituents.  By  a  lessening  of  the  iron  oxide  constituent,  these  rocks  become 
mere  ferruginous  quartz-schists;  while  in  the  other  direction  they  grade  into 
merchantable  magnetic  and  specular  ores. 

Magnetite-schist  and  hematite-schist  have  their  most  prominent  occurrence 
in  Wisconsin  in  the  so-called  "  magnetic  belt "  in  Ashland,  Bayfield  and  Lincoln 
counties.^ 

QUABTZITE  AND  QUABTZ-SCHIST. 

These  rocks  are  composed  essentially  of  quartz,  which  may  occur  nearly  or 
quite  without  accessories,  or  with  varying  amounts  of  foreign  minerals.  Quarts- 
ite  includes  those  kinds  which  are  more  or  less  heavily  bedded  and  of  relatively 

>yoL  m,  pp.  450,486,  480, 487,618,  697, 606,  010,  640,  087, 708. 
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ooarse  grain,  and  consequently  without  a  marked  schistose  struoture.  The 
quartz  schists,  on  the  other  hand,  have  this  structure  very  strongly  developed, 
are  for  the  most  part  of  comparatively  fine  grain,  and  are  more  apt  to  be  less 
purely  siliceous. 

Almost  any  kind  of  schistose  rock  may  graduate  into  quartzite  or  quartz- 
schist  by  the  partial  or  complete  loss  of  its  characteristic  minerals.  Thus  gneiss, 
luica-schist^  hornblende-schist,  magnetite-schist,  clay-slate,  chlorite-schist,  augite- 
schist,  etc.,  when  followed  in  the  direction  of  the  strike,  are  often  found  to 
become  more  and  more  quartzose,  and  finally  to  run  into  kinds  in  which  the 
quartz  is  the  only  prominent  ingredient.  Thus  quartz-schists  are  characterized 
especially  by  mica,  hornblende,  actinolite,  magnetite,  chlorite,  etc.,  as  acces- 
sories. On  the  other  hand,  there  is  a  distinct  gradation  into  f  ragmental  rooks. 
This  fragmental  character  is  not  unfrequently  evident  to  the  naked  eye,  either 
by  the  arenaceous  texture  of  the  rock,  or  by  the  presence  of  larger  or  smaller 
rounded  to  angular  pebbles.  These  pebbles  may  not  unfrequently  be  seen  in  a 
rock  whose  matrix  is  the  hardest  and  least  arenaceous  kind  of  quartzite.  There 
is  often  also  present  a  distinct  banding,  due  to  the  original  deposition  of  frag- 
mental material.  This  banding  may  be  brought  out  by  a  difference  in  the 
amount  of  iron  stain  in  the  alternate  laminaB,  or  by  a  difference  in  the  coarse- 
ness of  the  material  in  different  bands.  Not  uufrequently  this  banding  due  to 
deposition  is  not  accompanied  by  any  tendency  to  cleavage,  or  is  even  traversed 
by  the  schistose  cleavages. 

In  the  thin  sections  the  purer  quartzites  show  two  distinct  types.  In  one  of 
these  the  quartz  grains  completely  interlock,  are  without  any  finer  interstitial 
material,  and  present  every  evidence  of  having  been  wholly  deposited  in  their 
present  positions.  When  the  quartz  grains  of  such  a  rock  are  of  a  large  size, 
they  are  precisely  like  those  of  a  gneiss.  In  the  second  type  of  quartzite  more 
or  less  of  the  quartz  is  present  in  the  shape  of  rounded  or  completely  detached 
grains,  between  which  there  is  a  finer  interstitial  quartz.  But  in  the  same  sec- 
tions that  present  this  evidence  of  a  fragmental  origin  for  the  rock  there  will  be 
always  a  larger  or  smaller  proportion  of  completely  interlocked  quartz  grains, 
equaling  in  size  the  rounded  particles  first  mentioned.  Such  rocks  as  these  are 
then  plainly  but  sandstones,  which  have  passed  through  a  certain  amount  of  the 
altering  process  known  as  metamorphism. 

Quartzites  and  quartz-schists  are  widely  spread  in  Wisconsin,  characterizing 
especially  the  Huronian  series.  As  a  prominent  instance  we  may  mention  in 
the  first  place  the  quartzite  which  forms  the  Baraboo  ranges.  These  ranges,  as 
to  their  topography  and  geological  structure  are  fully  described  in  VoL  11.1  The 
common*  rock  here  is  a  quartzite  of  a  non-granular^  usually  fiaky,  texture,  and 
of  a  color  from  nearly  white,  through  gray,  pink  and  amethyst  to  purplish-red 
and  even  brick-red,  the  gray  and  deep-red  being  the  most  common  colors,  the 
white  the  least  so.  Very  rarely  a  distinct  granular  texture  is  seen;  somewhat 
more  commonly  a  slight  tendency  in  that  direction.  The  quartzite  is  frequently 
very  distinctly  marked  by  very  thin  bands,  due  to  the  original  sedimentary  dep- 
osition, which  are  altematingly  light  and  dark  colored.  There  is  never  any 
cleavage  parallel  to  these  bands.  In  the  thin  section  this  quartzite  is  seen  to 
belong  to  the  class  of  half  fragmental  rocks,  the  rounded  grains  of  quartz  being 
in  part  imbedded  in  a  finer  interstitial  material,  and  in  part  mingled  with  and 
surrounded  by  interlocking  quartz  particles  plainly  deposited  where  they  lie. 
A  small  amount  of  hydrated  iron  oxide  is  occasionally  to  be  seen,  while  in  some 
sections  appear  little  nests  of  broken  leaves  of  muscovite. 

I  pp.  804-610. 
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Other  iDfltaiicefl  of  half  f  ragmental  quartzUeg  in  Wisconain  are  the  ro^  coc- 
poaed  in  the  yicinitj  of  the  TiDage  of  Portland,  Dodge  coontj;  the  rocks  of 
thelajera  nombered  II,  XV  and  JLVU  of  the  Horonian  series  of  the  PteDokee 
range  in  Ashland  coontj;  i  some  of  the  qoartzites  of  the  Menominee  Hnronian;* 
and  thoffe  of  the  Chippewa  river.'  As  instances  of  qnartzite  in  whk^  thae  is 
no  appearance  of  f ragmental  <xigin,  eren  under  the  microscope,  maj  be  men- 
tioned the  rock  of  Kb  and  Mosinee  hills,  near  Wansan,  in  Marathon  coQnty,^ 
and  that  of  the  Ticinitj  of  Necedah,  in  Juneau  county.'  The  last  named  rock 
is  of  interest  in  presenting  us  a  quartzite  which  is  simply  a  gneiss  unusually 
rich  in  quartz;  muscovite,  biotite,  f ^d^iars,  augite  and  chlorite  all  occurring  as 
accessories.  As  a  prominent  instance  of  quartz-schist  which  is  to  be  regarded 
as  sericite-schist  unusually  rich,  in  quartz,  may  be  mentioned  much  of  the  rodt 
of  Formation  III  of  the  Penokee  Huronian;*  and  as  an  instance  of  quartz- 
schist  intermediate  between  a  quartzite  and  day-slate,  the  rock  of  Marghall  Hill 
in  the  vicinity  of  Wausan.^ 

CHEKT-ecmST  A5I>  JASPER-SCHIST. 

The  peculiar  flint-like  concretionary  form  of  silica  to  whleh  the  name  of  chert 
is  given,  is  the  chief  ingredient  in  a  wide^>read  rock  in  the  Huronian  series. 
These  rocks  have  not  as  yet  been  at  all  thoroughly  examined  with  the  micro- 
scope. So  far  as  the  examination  has  gone  the  chert  has  proved  .to  be  for  the  most 
part  merely  a  very  close  aggregate  of  crystalline  particles  of  quartz;  but  I  have 
examined  a  few  sections  of  chert-schisi  from  the  Thunder  bay  region  on  the 
north  shore  of  Lake  Superior  in  which  chert  is  a  wholly  amorphous  substance. 
The  chert-schists  are  not  very  important  in  the  Wisconsin  Huronian,  occurring 
especially  in  the  Menominee  region.* 

Certain  of  the  magnetite-scbists  and  hematite-schists  of  the  Lake  Superior 
Huronian  run  into  forms  in  which  the  siliceous  material  predominates  over  the 
iron  oxides,  which  then  appear  simply  in  thin  interstratified  bands.  The  sili- 
ceous portion  of  these  schists  is  often  merely  an  ordinary  quartzite,  but  in  other 
cases  it  pres:.'Dt8  itself  as  a  very  dense,  bright-red,  jaspery  looking  material. 
So  far  as  microscopic  examination  of  this  material  has  gone  —  the  ground  has 
as  yet  been  but  very  imperfectly  covered  —  it  has  proved  to  be  a  crystalline  ag- 
gregate of  minute  quartz  grains  with  red  oxide  of  iron  as  the  coloring  matter. 

CLAY-SLATE. 

The  name  clay-slate  is  given  commonly  to  all  of  those  completely  aphanitic 
slaty  rocks  of  an  argillaceous  or  clayey  nature.  Many  rocks  so  called  are  merely 
very  fine  mica-slates  or  hydromica-slates.  Typical  clay-slate  —  between  which 
and  the  mica  slates  and  hydromica-slates  there  are  all  sorts  of  gradations  —  are 
without  any  recognizable  micaceous  ingredient,  appearing  to  be  entirely  or  al- 
most entirely  formed  of  consolidated  clayey  materiaL  They  are  therefore  in  the 
nature  of  f  ragmental  rocks;  but  microscopic  researches  have  shown  that  in  them 
there  is  always  a  certain  proportion  of  crystalline  particles,  on  which  account, 

» Vol.  m,  pp.  108. 142. 
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as  also  on  account  of  their  associations  with  the  crystalline  schists,  they  are 
properly  classed  with  the  half  f ragmen tal  rocks.  They  occupy  somewhat  the 
same  position  in  this  respect  as  that  taken  by  the  semi-arenaceous  quai*tzites 
above  referred  to.  Clay-slate  is  not  a  very  important  rock  in  Wisconsin.  It  is 
met  with  to  some  extent  in  the  Huronian  of  the  Menominee  region,  where 
it  contains, — as  shown  by  Wichmann,  a  certain  amount  of  crystalline  quartz 
besides  tourmaline  as  a  characteristic  accessory. 

The  pipestone  of  Barron  coimty,  and  the  closely  allied  material  which  Is  occa- 
sionally met  with  in  Formation  m  of  the  Penokee  Huronian,  are  apparently 
clayey  half  fragmental  rocks  near  to  the  true  clay-slates. 

Novacvlite,  Hydromica-schists  and  clay-slates  both  tend  to  run  into  kinds 
which  are  rich  in  quartz,  and  are  possessed  of  a  very  peculiar  and  characteristic 
fine  grain,  and  sharp-edged  fracture.  This  material  is  known  commonly  as  oil- 
stone and  is  valued  for  sharpening  tools.  Such  material  is  met  with  associated 
with  the  sericite-schist  of  Formation  m  of  the  Penokee  Huronian* 

LIMESTONES. 

Under  the  general  name  of  limestone  are  included  all  rocks  composed  chiefly 
oV  carbonate  of  lime  or  of  the  carbonates  of  lime  and  magnesia.  Two  principal 
classes  of  such  rocks  are  known  in  Wisconsin,  which  are  distinguished  from  one 
another  both  by  their  geological  associations  and  their  lithological  characters. 
One  of  these  classes  includes  those  crystalline  limestones  and  dolomites  occur- 
ring with  the  crystalline  schists  of  the  Huronian.  Into  the  other  class  fall  all  of 
the  Paleozoic  limestones,  which,  with  a  total  thickness  of  over  a  thousand  feet, 
are  spread  so  widely  over  eastern,  southern  and  western  Wisconsin. 

Limestones  and  Dolomites  of  the  Huronian,  Crystalline  limestones  and  dolo- 
mites are  met  with  in  the  Huronian  of  the  Menominee  region  as  well  as  that  of  the 
Penokee  region.  In  both  regions  they  tend  to  run  into  quartzites  tiirough  a 
gradual  increase  in  the  quartz  content.  The  limestones  are  made  up  chiefly  of 
irregularly  bounded  grains  of  calcite,  which  in  the  dolomites  are  replaced  by 
similar  ones  of  dolomite.  The  microscopic  distinction  given  in  the  books  as  ob- 
taining between  these  two  minerals,  which  in  all  other  respects  are  very  closely 
similar,  as  seen  in  the  thin  section,  is  one  which  depends  upon  the  presence  of  a 
repeated  twinning  in  the  calcite  ani  the  absence  of  any  such  twinning  in  the 
dolomite.  I  am  satisfied,  however,  that  the  distinction  is  one  which  will  not 
always  hold.  Inasmuch  as  tremolite  is  a  very  common  and  abundant  micro- 
scopic accessory  in  these  limestones,  even  a  chemical  analysis  will  often  fail  to 
settle  the  question  whether  we  are  dealing  with  a  rock  in  which  calcite  is  pres- 
ent alone,  or  in  which  it  is  associated  with  dolomite. 

A  tremolitic  crystalline  limestone  from  Penokee  Gap,  Ashland  county,  is  figured 
on  Plate  XIU  A   Vol.  III.i 

Paleozoic  Limestones.  Unfortunately  the  paleozoic  limestones  of  the  State 
have  not  been  microscopically  examined,  so  that  it  is  not  possible  to  add  mate- 
rially to  the  macroscopic  descriptions  of  the  rocks  of  the  several  limestone  forma- 
tions given  in  Vols.  H  and  IV  of  this  series,  and  in  the  preceding  pages  of  this 
volume.  It  may  be  said  in  a  general  way,  that  the  foreign  matter  contained  in 
these  limestones,  beyond  what  may  have  been  contained  in  the  organic  secretions 
from  which  some  of  them  are  formed,  is  in  the  nature  of  clay  or  sand,  or  in 

*  For  further  descriptions  of  the  cfTstalline  limestones  of  the  Penokee  and  Menominee  regions, 
Vol.  Ill,  pp.  106,  228,  611.  611. 
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other  words,  has  been  deposited  as  a  sediment  along  with  the  calcareoos  material 
of  which  these  rocks  are  made  up.  The  calcareous  material  itself  appears  to  be 
in  large  measure  also  in  the  nature  of  consolidated  mud  or  detritus,  presumably 
of  organic  origin.  But  there  is  also  present  in  most  of  these  limestones,  more 
or  less  of  crystalline  calcite  and  dolomite.  This  much  is  generally  efrident 
to  the  unaided  eye.  How  far  their  occurrence  would  be  extended  by  the  exam- 
ination of  the  thin  sections  with  the  microscope,  and  how  far  evidence  as  to  the 
organic  origin  of  the  more  minute  particles  might  accumulate,  are  points  which 
must  be  left  for  future  study.  Most  of  these  paleozoic  limestones  are  strongly 
magnesian.  The  origin  of  the  magneaian  ingredient  is  one  of  the  unsolved 
problems- of  geology. 

8ANDBT0NE& 

Sandstones  are,  as  the  name  implies,  simply  more  or  less  consolidated  masses 
of  sand.  They  may  be  composed  of  any  sort  of  material,  although  much  more 
commonly  than  not  quartz  is  the  chief  ing^redient.  The  materials  of  which  the 
sandstones  are  made  are,  of  course,  the  result  of  the  comminution,  by  the  vari- 
ous atmospheric  agencies,  of  the  pre-existing  rocks.  In  the  process  of  atmos- 
pheric rock  degradation,  quartz,  by  virtue  of  its  superior  hardness,  its  lack  of 
cleavage,  and  its  great  power  of  resisting  decomposition,  remains  in  coarse  par- 
ticles much  longer  than  any  of  the  other  rock-forming  minerals.  The  sedimen- 
tation process,  by  which  this  rock  detritus  is  arranged  into  new  formations,  is 
essentially  a  sorting  process,  the  finer  and  coarser  particles  being  separated  from 
one  another.  Thus  it  comes  that  the  quartz  particles  are  sorted  out  from  the 
finer,  more  clay-like  material,  and  arranged  in  beds  by  whose  subsequent  consol- 
idation have  resulted  the  ordinary  quartzose  sandstones. 

The  most  prominent  quartzose  sandstones  of  Wisconsin  are  those  composing 
the  Potsdam  and  St.  Peters  formations,  which  are  so  widely  spread  in  the  cen- 
tral and  western  part  of  the  State.  The  Potsdam  sandstone  is  throughout  the 
greater  portion  of  its  thickness  made  up  of  rounded  grains  of  quartz.  Often 
the  spaces  between  these  grains  are  wholly  unoccupied  by  any  interstitial  ingre- 
dient, but  more  commonly  there  is  present  a  minute  portion  of  hydrous  iron 
oxide,  which  acts  as  a  cement.  In  the  upper  portions  of  the  formation  more  or 
less  carbonate  of  lime,  in  the  state  of  crystalline  particles,  occupies  the  inter- 
spaces between  the  grains.  There  is  also  often  present  in  this  portion  of  the  for- 
mation a  certain  proportion  of  glauconite,  whose  round,  green  grains  are  often  so 
plenty  in  certain  layers,  as  to  give  them  a  pronounced  greenish  hue.  Neither  the 
calcite  nor  the  glauconite  is  in  the  nature  of  f  ragmental  material  Part  of  the 
calcite  has  been  introduced  by  infiltration  from  above,  while  much  of  it,  with 
perhaps  all  of  the  glauconite,  may  have  been  deposited  chemically  at  the  time 
of  the  formation  of  the  rock.  The  St.  Peters  sandstone  is  also  a  purely  quartz- 
ose rock,  containing  only  now  and  then  a  minute  proportion  of  hydrous  iron 
oxide. 

The  red  sandstones  of  the  Lake  Superior  region  are  much  less  quartzose  than 
those  above  described.  The  red  sandstones  forming  portions  of  the  Keweenaw 
series,  for  instance,  always  contain  a  considerable  proi>ortion  of  clayey  or  decom* 
posed  feldspathic  material,  as  well  as  a  notable  proportion  of  macroscopically 
recognizable  feldspar.  A  microscopic  study  of  these  sandstones  has  shown  me 
that  they  are  all  composed  chiefiy  of  the  detritus  of  the  quartzlferous  porph3rries 
occurring  in  the  same  great  series  of  rocks.  This  detritus  presents  itself  in  the 
shape  of  fragments  of  the  porphyritic  quartzes  and  feldspars  of  these  rocks,  and 
of  their  aphanitic  matrices,  the  latter  being  often  more  or  less  decomposed  into 
clayey  material 
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Still  another  and  very  interesting  sandstone,  occurring  among  the  Keweenaw 
rocks  of  Ashland  county,  and  thence  eastward  to  Keweenaw  Point,  in  Michigan, 
has  mingled  with  and  often  entirely  excluding  the  usual  porphyry  detritus,  a 
material  made  up  of  the  ruins  of  some  of  the  diabases  of  the  Keweenaw  series. 
This  rook  has  often  been  subsequently  infiltrated  by  calcite,  when  its  silica  con- 
tent runs  at  times  as  low  as  50  per  cent 

Plate  XIX  A  of  Vol.  in  shows  the  appearance  of  the  thin  sections  of  several 
Wisconsin  sandstones  as  seen  under  the  microscope. 

SHALES. 

The  term  shale  includes  all  of  those  fragmental  rocks  composed  of  very  fine 
detrital  material.  This  finer  material  having  been  deposited  more  slowly  and 
gently  than  the  sandstones,  is  affected  by  a  much  finer  lamination.  The  shales 
are  for  the  most  part  of  a  clayey  nature,  grading,  however,  on  the  one  hand,  by 
the  introduction  of  arenaceous  material,  into  sandstones,  on  the  other  by  the  in- 
troduction of  calcareous  matter  into  the  limestones.  The  shales  are  clay,  not 
because  they  have  all  been  formed  from  the  detritus  of  the  same  original  rock, 
but  because,  as  already  indicated,  the  sedimentation  process  is  also  a  sorting  proc- 
ess. The  clayey  matter  of  these  shales  represents  especially  the  feldspathic 
portions  of  the  original  rocks.  The  feldspars,  on  account  of  their  strong  cleav- 
ages and  of  the  ease  with  which  they  decompose,  tend  always  to  wear  down  into 
finer  material  than  the  quartz. 

The  shales  are  not  very  important  among  the  Wisconsin  rocks.  Their  only 
prominent  occurrence  is  in  the  so-called  Cincinnati  group,  in  which  they  are  as- 
sociated with  and  graduate  into  limestones. ^  Less  important  occurrences  of 
shale  are  met  with  interpolated  with  the  Potsdam  sandstone,^  with  the  Lower 
Magnesian  limestone,'  and  in  the  Keweenaw  series  of  Ashland  county. < 

^  VoL  n,  pp.  815,  687. 

•  VoL  n,  pp.  260, 686,  641, 642. 

•VoL  n,  p.  6711. 

«  Vol.  m.  p.  199. 
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CHAPTER  V. 

CATALOGUE  OF  THE  PH^NOGAMOUS  AND  VASOULAB 
CRTPTOGAMOUS  PLANTS  OF  WISCONSIN. 

Bt  O.  D.  Swxzkt. 

Note. — This  catalogue  is  in  part  a  compilation,  and  the  author  has  not  been 
able  to  follow  the  strict  and  perhaps  the  better  rule  of  including  onlj  such 
species  as  have  passed  under  his  eye  or  are  preserved  in  herbaria  accessible  to 
the  botanist.  The  early  lists  from  the  State,  published  by  Dr.  L  A.  Lapham  and 
T.  J.  Hale,  have  been  incorporated,  although  including  some  species  not  since 
reported,  mostly  from  the  less  accessible  parts  of  the  State;  some  of  these  may 
possibly  have  disappeared  from  the  localities  where  they  were  found. 

The  *'  Catalogue  of  the  Exogenous,  Endogenotis,  and  Acrogenoua  Plants  of 
Wisconsin,^^  compiled  by  the  author,  April,  1877,  and  published  as  a  list  prelim- 
inary to  this  report,  has  served  as  a  basis  for  this  catalogue.  It  has,  however, 
been  much  enlarged,  and  a  few  species  have  been  dropped  which  the  author  has 
reason  now  to  believe  were  wrongly  reported,  such  as  Polypodium  incanum, 
which  had  merely  been  introduced  but  never  established,  Pinus  mitis,  etc. ;  or 
of  whose  legitimacy  there  seemed  to  be  some  doubt. 

While  the  author  has  depended  much  upon  the  identifications  of  others,  great 
caution  has  been  exercised  in  giving  credit  to  species  unless  reported  by  those  in 
whose  carefulness  and  conscientiousness  he  could  have  entire  confidence,  and 
many  species  have  been  rejected  where  there  seemed  a  possibility  of  mistake. 

This  is  not  intended  to  be  a  catalogue  of  localities,  and  it  is  not  possible  at 
present  to  give  any  such  catalogue  for  Wisconsin,  as  only  small  parts  of  the 
State  have  been  thoroughly  studied.  Localities  have  been  given  for  some  of  the 
more  interesting  species,  but  it  is  not  presumed  that  they  are  ahvays  limited  to 
these  localities;  nor  is  it  to  be  inferred  that  species  for  which  no  localities  are 
given  are  common  throughout  the  State.  It  is  hoped,  however,  that  this  cata- 
logue may  serve  as  the  basis  for  a  more  thorough  study  of  our  fiora  and  a  more 
complete  and  exhaustive  catalogue  in  the  future. 

The  author  would  like  to  know,  with  reference  to  future  publication,  of  addi- 
tional species  that  should  be  reported  from  the  State,  and  of  the  localities 
through  which  the  less  abundant  are  distributed.  For  any  such  additions,  if 
reported  to  him  and  accompanied  by  specimens  (which  will  be  returned  if  de- 
sired), due  credit  will  be  given. 

In  the  arrangement  of  the  species,  genera  and  families,  the  order  of  Gray's 
Manual  has  for  the  most  part  been  adhered  to  except  in  the  case  of  Hex  and 
NemopantheSj  which  are  transferred  to  the  Polypetal^. 

QOODWm  D.  SWEZEY. 

Crete,  Neb.,  July  1, 1Q8SL 
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RANUNCULACEiB. 

Clematis  verticillaiis,  D.  C.    Lake  St 
Croix. 
Yirginiana,  Linn. 
Anemone  patens,  Linn.,  var.  Nuttalli- 
ana.  Gray, 
multifida,  Poir.    Lake  Superior, 
cylindrica,  Gray. 
Virginiana,  Linn, 
dichotoma,  Linn.    (A.  Pennsylvan- 

tea,  Linn.) 
nemorosa,  Linn. 
Hepatica,  Linn.  fHepatica  trUobOj 

Chaix,) 
acutiloba,  Lawson.    (Hepatica  ae- 
utiloba,  D.  C.J 
Thalictrum  anemonoides,  Micbx. 
dioicum,  Linn, 
purpurascens,  Linn. 
Comuti,  Linn. 
Ranunculus  aquatilis,  L.,  var.  tricho- 
phyllus,  Gray. 
**     var.     stagnalis,     D.    C.      ^12. 

divaricatus,  Oray'a  Manualj, 
multifidus,  Pursh. 
alismsBfolius,    Geyer.     Milwaukee 

county  (Th,  A,  BruhinJ. 
Cymbalaria,   Pursh.    Along   Lake 

Michigan, 
rhomboideus,  Goldie. 
abortivus,  Linn. 
var.  micranthus,  Gray.    White- 
water (O.  R,  KleebergerJ, 
sceleratus,  Linn, 
recurvatus,  Poir. 
Pennsylvanicus,  Linn.,  f, 
fascicularis,  Muhl. 
repens,  Linn. 

"  var.  hispidus,  Torr.  &  Gr.  (0. 
M.  BowenJ, 
ACRIS,  Linn. 
Isopyrum  bitematum.  Torr.  &  Gray. 
Caltha  palustris,  Linn. 
Coptis  trifolia,  Salisb. 
Aquilegia  Canadensis,  Linn. 
Delphinium  azureum,  Michx.    Various 

points  along  the  Mississippi. 
Hydrastis  Canadensis,  Linn.     Milwau- 
kee coimty  CTh.  A.  BruhinJ^  Ra- 
cine ("Mrs,  McMurphyJ. 


ActflBa  spicata,  Linn.,  var.  rubra.  Ait. 

alba,  Bigel. 
Cimicifuga  racemosa,  Nutt 

MENISPERMACEL^ 
Henispermum  Canadense,  Linn. 

BERBERIDACELE. 

Caulophyllum  thalictroides,  Michx. 
Jefferponia  diphylla,  Pers. 
Podophyllum  peltatum,  Linn« 

NYMPBLEACELffi. 

Brasenia  peltata,  Pursh. 

Nelumbium  luteum,  Willd.     Oshkosh; 

La  Crosse;  Upper  Mississippi. 
NymphsBa  odorata,  Ait. 
Nuphar  advena.  Ait. 

"     var.  variegatum,  Engelm. 

SARRACENIACELE. 
Sarracenia  purpurea.  Linn. 

PAPAVERACE^ 

Papaver  SOMNIFERUM,  Linn. 
Argemone  Mexicaxa,  Linn. 
Stylophorum  diphyllum,  Nutt. 
Sanguinaria  Canadensis,  Linn. 

FUMARIACE^ 

Adlumia  cirrhosa,  Raf. 
Dicentra  Cucullaria,  D.  C. 

Canadensis,  D.  C. 

eximia,  D.  C,  Grant  county.    (TJu 
A.  Bruhin,) 
Corydalis  glauca,  Pursh. 

aurea,  Willd. 
Fumaria  officinalis,  Linn. 

CRUCIFERJE. 

Nasturtium  officinale,  R.  Brown, 
sinuatum,    Nutt.,    Grant    county. 

(Th.  A.  BruhinJ 
sessiliflorum,  Nutt. 
obtusum,  Nutt. 
palustre,  D.  C. 

"  var.  hispidum.  Gray, 
lacustre.  Gray. 
Armoracia,  Fries. 
Dontaria  diphylla,  Michx.,  Manitowoc 

county,  and  along  the  Mississippi. 

(Tfi.  A.  BruhinJ 
laciniata,  MuhL 
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Cardamine  rhomboldea,  D.  0. 

pratensis,  Linn. 

hiisuta,  Linn. 
Arabis  lyrata,  Linn. 

petraBa,  Linn.,  Lake  Superior. 

dentata,  Torr.  &  Gray. 

hirsuta.  Scop. 

ladvigata,  Poir. 

OanadenfiiB,  Linn. 

perf (^iata.  Lam. 

Dmmmondii,  Gray.    Lake   Supe- 
rior. 
Thelypodiom     pinnatifidum,      Wats. 

f  Arabis  hesperioides,  Chray,J 
Erysimum  cheiranihoides,  Linn. 
Sisymbrium,  officinale,  Scop. 

Thauana,  Gaud.     Sauk  county. 
fW.  F.  BundyJ 

canescens,  Nutt. 
Brassica  Sinafistruh,  Boissier. 

ALBA,  Gray. 

NIGRA,  Koch. 
Draba  arabisans,  Michx.    Fond  du  Lac 
county;  Lake  Superior. 

Caroliniana,  Walt 
Camelina  sativa,  Crantz. 
Capsella  bubsa-pastoris,  Moench. 
Lepidium  Virginicum,  Linn. 

intermedium,  Gray. 
Cokile  Americana,  Nutt. 

CAPPARIDACE^ 

Cleome    integrifolia,    Torr.    &    Gray. 

Beloit. 
PUNGENS,  Willd.   Milwaukee.  (Dr, 

Lewis  Sherman.  J 
Polanisia  graveolens,  Raf. 

VIOLACE^E. 

Viola  lanceolata,  Linn.  Columbus.  fO, 
M.  Bowen.J  liilwaukee.  (Dr, 
Leuns  Sherman,  J 

blanda,  Willd. 

cucullata,  Ait. 
**  var.  palmata.  Gray. 

sagittata.  Ait. 

delphinifolia,  Nutt. 

pedata,  Linn. 

canina,  Linn.  var.  flilTestris,  RegeL 

striata,  Ait. 

Canadensis,  Linn. 


Viola  pubescens.  Ait. 

**  var.  eriocarpa,  Nutt. 

CISTACEA 

Helianthemum  Canadense,  Michx. 
Hudsonia  tomentoda,  Nutt.    Lake  Su- 
perior. 
Leohea  minor,  Walt. 

DROSERACE^ 

Drosera  rotundif olia,  Linn. 

intermedia,  Drev.  &  Hayne,  Tar. 
Americana,  D.  C.      fD,    Umgi- 
folia,  L.J 
linearis,  Gk)ldie. 

HYPERICACEiE. 

Hypericum  pyramidatum.  Ait 

Kalmianum,  Linn. 

prolificum,  Linn. 

sphsarocarpon,  Michx.    Beloit. 

dlipticum,^  Hook.      Black    River 
Falls. 

PERFORATUM,  Linn. 

corymbosum,  MuhL 

mutilum,  Linn. 

Canadense,  Linn. 

Sarothra,  Michx. 
Elodes  Virginica,  Nutt. 

petiolata,  Pursh. 

CARYOPHYLLACE^ 

Saponaria  officinalis,  Linn. 

Vackjaria,     Linn.     (V.  vulgaris^ 
Host.  J 
Silene  stellata,  Ait.  f. 

nivea,  D.  C.    Beloit 

Armeria,  Linn. 

antirrhina,  Linn. 

noctiflora,  Linn. 
Lychnis   vespertina,   Sibth.    Racine, 
("J.  J,  Davis.  J 

GITHAGO,  Lam. 
Arenaria  serptllifolia,  Linn. 

stricta,  Wats. 

lateriflora.  Lion. 
Stellaria  media.  Smith. 

longif  olia,  MuhL 

longipes,  Goldie. 

borealis,  BigeL 
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Cerastium  yxtloatum,  Linn« 

YisoosxTM,  Linn. 

nutans,  Raf . 

oblongif  olium,  Torr.  Beloit 

arvense,  Linn. 
Sperg^ola  ahyensis,  Linn. 

PARONYCHIKffl. 
Anjohia  diohotoma,  Mlchz. 

PORTULACACE^ 

Portolaca  olebacea,  Linn. 

Talinum  teretifolium,  Porsh.    Falls  of 

the  St.  Croix. 
Claytonia  Virginica,  Linn. 
Garoliniana,  Michx. 

MALVACEiB. 

Malva  BOTUNDIFOLIA,  Linn. 

SYLYESTRIS,  Linn. 

M08CHATA,  Linn. 
Callirrhoe  triangulata,  Gray. 
NapsBa  dioica,  Linn. 
Abutilon  Ayicenn^  Gsartn. 
Hibisous  Tbionum,  Linn. 

TILIACEJB. 
Tilia  Americana,  Linn. 

LINACEJB. 

Linum  sulcatum,  RiddelL 
rigidum,  Pursh. 
XTBITATISSIMnM,  Linn. 

GERANIACEJB. 

Geranium  maculatum,  Linn. 

Carolinianum,  linn. 

Robertianum,  Linn. 
Erodium  cicutarium,  L'Her. 
Floerkea  proserpinacoides,  Willd. 
Impatiens  pallida,  Nutt. 

fulva,  Nutt. 
Oxalis  Acetosella,  Linn. 

violacea,  Linn. 

oorniculata,   L.  var.  stricta,  Sav. 
CO,  stricta,  L.) 

RUTACE^. 

« 

Zanthoxylum  Americanum,  Mill. 
Ptelea  trifoliata,  Linn. 


ANAGARDIACEiB. 

Rhus  typhina,  Linn, 
glabra,  Linn, 
venenata,  D.  G. 
Toxicodendron,  Linn, 
aromatica,  Ait.    PotosL 

VITACBA 

VitiB  astivalis,  Michx. 

oordif  olia,  Lam.  (?)  Michx. 

riparia,    Michx.     (V,    cardifoilicL 
Michx,  var,  riparia^  Qray.J 
Amphelopsis  quinquef  olia,  Michx. 

RHAMNACEiSL 

Rhamnusalnifolius,  L'Her.  Milwaokee. 
Ceanothus  Americanus,  Linn. 

ovatus,  Desf.     (C,  ovalia,  Bigel.J 
Beloit 

nJCINE^  CAQUIFOLIACEJS,J 

Hex  verticillata,  Gray. 

Nemopanthes  Canadensis,  D.  0. 

* 

CELASTRACEiE. 

Celastrus  scandens,  Linn. 
Euonymus  atropurpureus,  Jacq. 

SAPINDACE^. 

Staphylea  trifolia,  Linn. 
.^Isculus  HiPPOCASTANUM,  Linn.  Com- 
monly planted. 
Acer  Pennsylvanicum,  Linn. 

spicatum,  Lam. 
saccharinum,  Wang. 

**  var.  nigrum,  T.  &  Gr. 
dasycarpum,  Ehrhart. 
rubrum,  Linn. 
Negundo  aceroides,  Moench. 

POLYGALACE^ 

Polygala  incarnata,  Linn, 
sanguinea,  Linn, 
cruciata,  Linn, 
verticillata,  Linn. 
Senega,  Linn, 
polygama,  Walt, 
paucifolia,  Willd. 

LEGUMINOS^ 

Lupinus  perennis,  Linn. 
Trifolium  arvense,  Linn. 
FRATENSB,  liinn. 
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Trif  olium  repens,  Linn. 

FROCUMBENS,  Linn. 
Meli  otu3  OFFICINALIS,  WiUcL 

alba,  Lam. 
Medicago  satita,  Linn. 

LUPUUNA,  Linn. 
P8oraleaargophylla,Pur8h.  Columbus. 
CO.  W,  BowenJ  and  Falls  of  the 
St.  Croix, 
esculenta,  Pursh. 
Petaloetemon  violaceus,  Michx. 
candidus,  Michx. 
Tillosus,  Nutt.    St.  Croix  county. 
Amorpha  f ruticosa,  Linn. 

canensceus,  Nutt. 
Robinla  pseudacacia,  Linn. 
Tephrosia  Virginiana,  Pers. 
Astragalus  carjocarpus,   Ker.    Pierce 
and  St.  Croix  counties. 
Canadensis,  Linn. 
Cooperi,  Gray.     Milwaukee. 
Glycyrrhiza    lepidota,     Pursh.     Lake 

Pepin. 
Desmodium     nudiflorum,    D.    C.    St. 
Croix  river, 
acuminatum,  D.  C. 
canescens,  D.  C. 

cuspidatum,  Torr.  &  Gray.    Chip- 
pewa river. 
Dilleuii,  Darlington, 
paniculatum,  D.  C. 
Canadense,  D.  C. 
niinoense,  Gray. 
Lespedeza   ropens.    Barton  (including 
L,  procnmbens,  Michx.  J 
violacea,  Pers. 

reticulata.  Pers.  fL.  violacea,  Pers. 
var.  sessilijlora.  Gray  J. 
"  var.  augustifolia,  Maxim.  fL. 
violacea,  Pers.    var.    augusti- 
folia. Gray  J. 
capitata,  Miclix. 

**  var.  augustifolia,  Gray. 
Vicia  TETRASPERMA.     Loisel.    (Th.  A. 
Bruhin.J 
Cracca,  Linn. 
Caroliniana,  Walt. 
Americana.  Muhl. 
Lathy rus  maritimus,  Bigelow, 
vonosus,  Muhl. 
ochroleucuB,  Hook. 


Lathy  rus  paluster,  Linn. 

"  var.  myrtifolius.  Gray 
Apios  tuberosa,  Moench. 
Phaseolus  diversifolius,  Pers. 

pauciflorus,  Benth. 
Amphicarpaea  monoica,  Kll. 
Baptisia  australis,  R.  Brown. 

leucantha,  Torr.  &  Gray. 

leucophfea,  Nutt. 
Cassia  Marylandica,  Linn. 

Chamadcrista,  Linn. 
Gymnocladus  Canadensis,  Lam. 
Gleditschia  triacanthos,  Linn. 

ROSACELE. 

Prunus  Americana,  Marshall. 

SPINOSA,  L.,  var.  insititia.  Gray, 
Milwaukee  Co.  (Th.  A.  BruJiin.J 

pumila,  Linn. 

Pennsylvanica,  Linn.  /. 

Virginiana,  Linn. 

serotina,  Ehrhart. 
Neillia    opulifolia,    Benth.    &    Hook. 

fSpircea  opulifolia,  LJ 
Spiraea  salicifolia,  Linn. 

tomentosa,  Linn.  Upper  Wisconsin 
River. 
Agrimonia  Eupatoria,  Linn. 
Geum  album,  Gmelin. 

Virginianum,  Linn. 

macrophyllum,  Willd. 

strictum.  Ait. 

rivale,  Linn. 

trifiorum,  Pursh. 
Waldsteinia  fra^arioides,  Tratt. 
Potentilla  Norvegica,  Linn. 

supina,  Linn.  fP.  paradoxa,  Nutt.) 

Canadensis,  Linn. 

•'  var.  simplex,  Torr.  &  Gray. 

argentea,  Linn. 

Pennsylvanica,  Linn. 

arguta,  Pursh. 

Anserina,  Linn. 

fruticosa,  Linn. 

tridentata,  Sol.  Lake  Superior. 

palustris,  S'cop. 
Fragaria    Virginiana,    Duchesne,    var. 
Illiiioensis,  Gniy. 

vesca,  Linn. 
Rubus  odoratus,  Linn. 

Nutkanos,  Mocino.  Lake  Superioi; 
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Rubus  triflorus,  Richardson. 

strigosus,  Miclix. 

occidentalism  Linn. 

villosus,  Ait. 

Canadensis,  Linn. 

hispidus,  Linn. 
Rosa  setigera,  Michz. 

Carolina,  Linn. 

parviflora,    Ehrhart.    fR,  lucida, 
Ehrh,  of  Orajfs  Manual,  J 

blanda,  Ait. 

RUBiamosA,  Linn. 

Crataegus,  Linn. 
•  ooccinea,  Linn, 
tomentosa,    Linn,    var.    pyrifolia, 
Gray. 
**  var.  punctata,  Gray, 
subvillosa,  Schrad.    fC,  tomentosa, 
L,  var,  mollis,  OrayJ, 
Pirus  coronaria,  Linn, 
arbutifolia,  Linn.  f. 
Americana,  D.  C. 
Amelanchier  Canadensis,  Torr.  &  Gray. 
(Including  var,    BotryapiumJ, 
**  var.  (?)  oblongifolia,  I'orr.   & 

Gray. 
**  var.  rotundlfolia,  Torr.  &  Gray, 
alnifolia,   Nutt.     (^A,  Canadensis, 
Torr,  db  Gray,  var,  aJnifolia  of 
Gray's  Manual. 

SAXIFRAGACE^. 

Ribes  Cynosbati,  Linn. 

oxyacanthoides,   Linn.      fR,    hiV' 

tellum,  Michx.J 
rotundifolium,  l^Iichx. 
lacustre,  Poir. 
floridum,  L'Her. 
rubrum,  Linn. 
Pamassia  parviflora,  D.  C. 

palustris,  Linn.     Lake  Superior. 
Caroliniaua,  Michx. 
Saxifraga  Aizoon,  Jacq.  Racine  (Mrs. 
McMurphyJ,    Lake  Superior. 
Virginiensis,  Michx.     Lake  Supe- 
rior. 
Pennsylvanica,  L. 
Sullivantia  Ohionis,  Torr.  &  Gray.  Wis- 
consin River. 
Heuchera  Americana,  Linn, 
hispida,  Pursh. 


Mitella  diphylla,  Linn. 

nuda,  Linn. 

caulescens,    Nutt .     Manitowoc 
county.    ("Th,  A,  Bruhin,) 
Tiarella  cordifolia,  Linn. 
Chrysosplenium  Americanum,  Schw. 

CRASSULACEJS. 

Sedum  tblefhium,  Linn. 
Penthorum  sedoides,  Linn. 

HAMAMELACE^ 
Hamamelis  Yirginiana,  Linn. 

HALORAGEJE. 

Myriophyllum  spicatum,  Linn 

verticillatum,  Linn. 
Proserpinaca  palustris,  Linn. 
Hippuris  vulgaris,  Linn. 

ONAGRACEiE. 

CircsBa  Lutetiana,  Linn. 

alpina,  Linn. 
Gktura  biennis,  Linn. 
Epilobium  angustifolium,  Linn. 

origanifolium,  I^m«  fE.  aJpinum, 

Linn .  var.  nuy'us,  WaMJ, 
palustiOy.Linn,  var.  lineare,  Gray. 
moUe,  Torr. 
coloratum,  MuhL 
(Enothera  biennis,  Linn. 

"  var.  muricata,  Lindl. 
**  var.  grand  iflora,  Lindl. 
Oakesiana,  Robbins.    fCE,  biennis, 

Linn,  var,  Oakesiana,  Oray,J 
rhombipetala,  >Nutt. 
pumila,  Linn.  (Including  CE,  chrys- 

antha,  Michx.J 
serrulata,  Nutt.    Lake  Pepin. 
Ludwigia  polycarpa,  Short  &  Peter, 
palustris,  Elliott. 

MELASTOMACEiB. 
Rhexia  Virginica,  Linn. 

LYTHRACE^. 

Didiplifl  linearis,  Raf.  ("Ammannia 
Nuttallii,  Gray)  Black  River. 

Lythrum  alatum,  Pursh. 

Neseea  verticillata,  H.  B.  K.  Upper 
St,  Croix  River. 
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CACTACKffl. 

Opuntia  vulgaris,  Hawortlu    St  Croix 
FbUb. 
Rafinesquii,  Engelm.    Baraboo. 
fragilis,  Haworth.    Baraboo. 
Missouriensis,  D.  C.  New  London 
^L.  C  WooaterJ. 

FICOIDEiE. 

MoUogo  verticillata,  L.  (Included  in 
Order  Cabyophyllagbjb  of 
Oray*8  MarvudLJ 

CUCURBITACELfll. 

SicyoB  angulatus,  Linn. 
Echinocystis  lobata,  Torr.  &  Qraj. 

UMBELLIFER^ 

Hjdroootyle  Americana,  Linn. 
Sanioula  Canadensis,  Linn. 

Marylandica,  Linn. 
Eryngium  yuocsBfolium,  Michz. 
Daucus  Carota,  Linn. 
Polytonia  Nuttallii,  D.  C. 
Heracleum  lanatum,  Michx. 
PastinacaSA'nvA,  Linn. 
Archemora  rigida,  D.  C. 
Archangelica  atropurpurea,  Hoffm. 
Selinum  Canadense,  Michz.    (Coniose- 
linum  Canadense,  Torr,  <fc  Oray.J 
Thaspium  barbinode,  Nutt. 
aureum,  Nutt. 

"  var.  apterum,  Gray, 
trifolatum,  Gray. 

"  var.  apterum.  Gray. 
"  var.  atropurpureum,  Gray. 
Pimpinella   integerrima,   B  e  n  t  h.   & 
Hook  fZizia  integerrima^  D.  C,J 
Bupleurum  ROTUNDiFOLinif,  Linn. 
Cicuta  maculata,  Linn. 

bulbif  era,  Linn. 
Slum  cicutsBf  olium,  Gmelin.     fS,  line' 

are^  Michx,) 
Berula  augustifolia,  Koch.    fSium  an- 

gustifolium,  Linn,  J 
Cryptotasnia  Canadensis,  D.  C. 
Osmorrhiza  longistylis,  D.  C. 

brevistylis,  D.  C. 
Conium  maculatum,  Linn. 
Erigenia  bulbosa,  Nutt. 


ARALL^CEiB. 

Aralia  racemosa,  Linn, 
hispida,  Vent, 
nudicaulis,  Linn. 

quinquefolia,  Decaisne&FlanchoiL 
txif  olia,  Decaisne  &  Planchon. 

CORNACE^. 

Comus  Canadensis,  Liuu* 
circinata,  L'Her. 
sericea,  Linn, 
stolonifera,  Michx. 
paniculata,  L*Her. 
altemifolia,  Linn.,  f. 

CAPBIFOLIACE^ 

Linnffia  borealis,  Gronov. 
Symphoricarpus  occidentalis,  R. 
Brown. 

racemosus,  Michx. 
**  var.  pauciflorus.  Bobbins. 

vulgaris,  Michx. 
Lonicera  sempervirens.  Ait 

flava,  Sims. 

parviflora.  Lam. 
"  var.  Dougiasii,  Gray. 

hirsuta,  Eaton. 

ciliata,  Muhl. 

caBrulea,  Linn. 

oblongifolia,  Muhl. 
Diervilla  trifida,  Moench. 
Triosteum  perfoliatum,  Linn. 
Sambucus  Canadensis,  Linn. 

racemosus,    Ldnn.,    var.    pubens, 
Wats.  fS,  pubens,  Michx,  J 
Viburnum  Lentago,  Linn. 

nudum,  Linn. 

dentatum,  Linn. 

pubescens,  Pursh. 

acerifolium,  Linn. 

pauciflorum,  Pylaie. 

Opulus,  Linn. 

RUBLA^CE^ 

Gkdium  Aparine,  Linn. 
aspreUum,  Michz. 
concinnum,  Torr.  &  Gray, 
trifidum,  Linn. 

**  var.  latifolium.  Gray, 
triflorum,  Michx. 
circsBzans,  Michx. 
lanoeolatum,  Torr. 
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Galium  boreale,  linxL 
Gephalanthus  occidentalism  Linn. 
Mitchella  repens.,  Linn. 
Houstonia  purpurea,  Linn.,  var.  longi- 
folia,  Gray. 
"  var.  ciliolata,  Gray, 
casrulea,  Linn. 

VALERIANACEiS. 

Valeriana  sylvatica,  Richards. 

edulis,  Nutt. 
Fedia  Fagopyrum,  Torr.  &  Gray. 

DIPSACEiE. 

Dipsacns  SYLyssTBis,  MilL 

COMPOSITE 

Vemonia  Xoveboracensis,  Willd. 

fasciculata,  Michx. 
Liatris  cylindracea,  Biichx. 

punctata.  Hook.  St.  Croix  River. 

scariosa,  Willd. 

spicata,  WiUd. 

pycnoetachya,  Biichx. 
Kuhnia  eupatorioides,  Linn. 
Eupatorium  purpureum,  Linn. 

altisimum,  Linn. 

sessilifolium,  Linn. 

perf oliatum,  Linn. 

serotinum,  Michx. 

ageratoides,  Linn. 
Nardoemia  palmata,  Hook. 
Adenocaulon  bicolor,  Hook. 
Aster  corymbosus,  Ait. 

macrophyllus,  Linn. 

serioeus,  Vent. 

concolor,  Linn. 

patens,  Ait. 

Iffivis,  Linn. 

azureus,  LindL 

Shortii,  Boott 

undulat\i8,  Linn. 

cordifolius,  Linn. 

sagittifoHus,' Willd. 

ericoides,  Linn. 

multifloruB,  Ait 

dumosus,  Linn. 

Tradescanti,  Linn. 

miser,  Linn.,  Ait. 

simplex,  Willd. 

tenuifolius,  Linn. 

cameus,  Nees. 


Aster  SBStivus,  Ait 
longifolius,  Lam. 
puniceus,  Linn. 
"  var.  vimineus.  Gray. 
prenanthoides,  MuhL 
oblongif  olius,  Nutt 
amethjTstinus,  Nutt 
Novae-AnglisB,  Linn, 
ptarmacoides,  Torr.  &  Gray. 
Erigeron  Canadense,  Linn. 
beUidifolium,  Muhl. 
Philadelphicum,  Linn, 
glabellum,  Nutt 
annuum,  Pers. 
strigosum,  Muhl. 
Diplopappus  linariifolius,  Hoolb 
umbellatus,  Torr.  &  Gray, 
amygdalinus,  Torr.  &  Gray. 
Boltonia  glastif olia,  L*Her. 

diffusa,  L*Her. 
Solidago  bicolor,  Linn. 

**  var.  concolor.  Gray* 
latifolia,  Linn. 
csBsia,  Linn, 
puberula,  Nutt. 
stricta,  Ait. 
speciosa,  Nutt. 
Virga-aurea,  Linn, 
rigida,  Linn. 
Ohioensis,  Riddell. 
Riddellii,  Frank. 

Houghtonii,  Torr.   &  Gray.     Mil- 
waukee.   CDr,  Leuna  Sherman,  J 
neglecta,  Torr.  &  Gray, 
patula,  Muhl. 
arguta,  Ait. 

**  var.  Bcabrella,  Gray, 
altissima,  Linn, 
ulmif  olia,  Muhl. 
nemoralis,  Ait. 
Missouriensis,  Nutt 
Canadensis,  Linn, 
serotina.  Ait. 
gigantea.  Ait. 
lanceolata,  Linn 
tennifolia,  Pursh. 
Chrysopsis  villosa,  Nutt. 
Inula  Helenium,  Linn. 
Polymnia  Canadensis,  Linn.    Milwau- 

Silphium  laciniatum,  Linn, 
terebinthinaceum,  Linn. 
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Silphium  trifoliatum,  LiniL 

integrifolium,  Michx. 

perfoliatum,  Linn. 
Parthenium  integrifolium,  Linn. 
Iva  xanthiifolia,-Nutt    Upper  Miasis- 

sippi  river. 
Ambrosia  trifida,  Linn. 

"  var.  integrifolia,  Qraj 

artemisiaefolia,  Linn. 

psilostachya,  D.  C. 
Xanthium  strumarium,  Linn. 
Heliopeis  laBvis,  Pers.  var.  scabra,  Qraj. 
Echimoeaangustifolia,  D.  C. 
Rudbeckia  laciniata,  Linn. 

subtomentosa,  Pursh. 

hirta,  Linn. 
Lepachys  pinnata,  Torr.  &  Gray. 
HelianthuB  annuus,  Linn. 

rigidus,  Deaf. 

laetiflorus,  Pers. 

occidentalism  RiddelL 

giganteus,  Lidn. 

grosse-serratus,  Martens. 

Btrumosus,  Linn. 
"  var.  mollis,  Gray. 

divaricatus,  Linn. 

hirsutus,  Raf. 

tracheliifolius,  Willd. 

decape talus,  Lion. 

doronicoides,  Lam. 

TXJBEROSUS,  Linn. 
Ck)reopsis  lanceolata,  Linn. 

palmata,  Nutt. 

aristosa,  Michx. 
**  var.  mutica.  Gray. 

trichosperma,  Michx. 

discoidea,  Torr.  &  Gray. 
Bidens  frondosa,  Linn. 

connata,  MuhL 

cernua,  Linn. 

chrysanthemoides,  Michx. 

Beckii,  Torr. 
Dysodia  chrysanthemoides,  Lag. 
H^enium  autumDale,  Linn. 
Anthemis  (Dotula,  Linn.  (Maruta  Co* 

tula,  D.  a  ) 
Achillea  Millefolium,  Linn. 
Leucanthemum  yuloare,  Lam. 

Parthenium,  Godron. 
Tanacetum  vuloare,  Nutt. 

var.  crispum. 

HuronensQi  Nutt. 


Artemisia  Canadensis,  Michx. 
caudata,  Michx. 
Ludoviciana,  Nutt,  var.    gnapha- 

lodes.  Gray, 
serrata,  Nutt.    Prairie  du  Chien. 
VULGABIS,  Linn, 
biennis,  Willd. 
Absinthium,  Linn, 
frigida,  Willd.    Lake  Pepin. 
Gnaphalium  decurrens,  Ives* 
polycephalum,  Michx. 
uliginosum,  Linn. 
Anaphalis    margaritacea,     Benth.    & 
Hook.    ("Antennaria  margaritch 
cea,  R,  Brown.  J 
Antennaria  plantaginifolia,  Hook. 
Erecthites  hieracifolia,  Raf. 
Cacalia  suaveolens,  Linn, 
reniformis,  Muhl. 
atriplicifolia,  Linn, 
tuberosa,  Nutt. 
Senecio  vulgaris,  Linn, 
palustris,  Hook, 
aureus,  Linn. 

"  var.  Balsamit8B,  Gray, 
tomentosus,  Michx. 
ConicuB  LANCE0LATU9,  Hoffm.  fCirsi' 
um  lanceolatunif  Scop,  J 
Pitcheri,  Torr.  &  Gray.    ('C.  Pitch- 

eri,  Torr,  <St  Oray.J 
discolor,   Muhl.     ^C.   diacolor, 

Spreng.J 
altissimus,  Willd.  ("C,  cUtiaaimum, 

Spren^.J 
Virginianus,  Pursh.    ^C.    Virgiw 

ianum,  Michx.  J 
muticus,     Pursh.      ("C,    muticum 

Michx,  J 
pumilus    ^C.   pumilum,  Spreng.J 
arvensis,    Hoffm.      fC,     arvense, 
Scop,  J 
Lappa  officinalis,  Allioni. 
**  var.  major.  Gray. 
Cichoriura  Intybus,  Linn. 
Cynthia  Virginica,  Don. 
Troximon  cuspidatum,  Pursh. 
Hieracium  Canadense,  Michx. 
Bcabrum,  Michx. 
loDgipilum,  Torr. 
Gronovii,  Linn, 
venosum,  Linn. 
**  var.  subcaulescens.    Gray. 
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Nabalns  albus,  Hook, 
racemosus.  Hook, 
asper,  Torr  &  Gray. 
Lygodeemia  jiincea,    Don.    St    Croix 

river. 
Taraxacum  Dens-leonis,  Desf. 
Lactuca  Canadensis,  Linn. 

Floridana,     Gsertn.      (Mulgedium 

Floridanum,  D,  CJ 
leacoph»a,      Gray.      (M,     leuco- 
phceum,  D.  C,J 
Sonchns  olbracetts,  Linn. 
▲SFEB,  VilL 
ABTENSIS,  Linn. 

LOBELLICE^ 

Lobelia  cardinalis,  Linn, 
syphilitica,  Linn. 

spicata,  Lam. 
Kalmiii  Linn. 

CAMPANULACE^. 

Campanula  rotundifolia,  Linn, 
aparinoides,  Pursh. 
Americana,  Linn. 
BAFUNOULOIDES,    Linn.      "  Estab- 
lished in  roadsides/'  Racine  t'J,  J, 
DaviaJ. 
Specularia  perfoliata,  A.    D.  C. 

ERICACE^. 

GkiyluBsacia  resinosa,  Torr.  &  Gray. 
Vaocinium  Oxycoccus,  Linn. 

macrocarpon,  Ait. 

stamineum,  Linn. 

csBspitosum,  Michx.    Racine  fDr, 
Hayjy  Kilboum. 

Pennsylvanicum,  Lam. 

Canadense,  Kalm. 

yacillans,  Solander. 

corymbosum,  Linn. 
Chiogenes  hispidula,  Torr.  Sc  Gray. 
Arctostaphylos  Uva-ursi,  Spreng. 
Epigsea  repens,  Linn. 
Gaultheria  procumbens,  Linn. 
Cassandra  calyculata,  Don. 
Andromeda  polifolia,  Linn. 
Kalmia  glauca,  Ait. 
Ledum  latifolium,  Ait. 
Pyrola  rotundifolia,  Linn. 

■*  var.  asarifolia,  Hook, 
Vol.  1—25 


Pyrola  var.  uliginosa,  Gray; 

elliptica,  Nutt. 

chlorantha,  Swartz. 

secunda,  Linn. 
Moneses  uniflora,  Gray. 
Chimaphila  umbellata,  Nutt; 
Monotropa  uniflora,  Linn. 

Hypopitys,  Linn. 

nJCINE^  (AQUIFOLIACEAD). 

This  order  is  now  regarded  as  poly- 
petalus  and  placed  just  before  Celas' 
tracece, 

PLANTAGINACELffl. 

Plantago  major,  Linn, 
cordata.  Lam. 

Patagonica,  Jacq.,  var.   gnaphali- 
oides,  Gray. 

PRIMULACKaJ. 

Primula  f arinosa,  Linn. 
Mistassinica,  Michx. 
Androsace  occidentalis,  Pursh. 
Dodecatheon  Meadia,  Linn. 
Trientalis  Americana,  Pursh. 
Lysimachia  thyrsiflora,  Linn, 
stricta.  Ait. 
quadrifolia,  Linn. 
Steironema   ciliatum,  Raf.    f Lysima- 
chia eUiata,  Linn.  J 
lanceolatum,  Gray.  fL,  lanceolata, 

WaltJ 
lanceolatum,  var.  hybridum.  Gray. 

"  var.  august  if  olia.  Gray, 
longifolium,  Gray.    (L,  longifolia^ 
Pursh,) 

LENTIBULACEifflL 

XJtricularia  vulgaris,  Linn, 
minor,  Linn, 
intermedia,  Hayne. 
purpurea,  Walt, 
comuta,  Michx. 

OROBANCHACEA 

Epiphegus  Virginiana,  Bart. 
Conopholis  Americana,  Wallr. 
Aphyllon  uniflorum.  Gray, 
fasciculatum,  Gray. 

SCROPHULARIACEjfflL 
Verbascum  Thapsxjs,  TJnn, 
BULTTABIA,  Linn. 
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linaria  Canadensis,  Dumont. 

YULGABIS,  MilL 
Scroirfmlaria  nodosa,  Linn, 
CoUinsia  rema,  Nutt. 

parriflora,  DougL 
Chelone  glabra,  Linn. 
Pentstemon  pubescens,  Solander. 

lievigatus,   Solander,  Tar.    Digita- 
lis, Gray.  fP.   Digitalis,  Nutt  J 

grandiflorus,  Xutt. 
Ifimnlus  ringens,  Linn. 

Jamesii,  Torr.  &  Gray. 
Gratiola  Yirginiana,  Linn. 
Ilysanthes  gratioloides,  Benth. 
Synthyris  Houghtoniana,  Benth. 
Veronica  Virginica,  Linn. 

Anagallis,  Linn. 

Americana,  Schweiniti. 

scutellata,  Linn. 

serpyllif olia,  Linn. 

peregrina,  Linn. 

ABVENSis,  Linn. 
Buchnera  Americana,  Linn. 
Seymeria  macrophylla,  Nutt 
Gerardia  purpurea,  Linn. 

aspera,  Dougl. 

tenuifolia,  VahL 

flava,  Linn. 

quercifoliu,  I'ursh. 

Skinneriana,   Wood.     fO.  9etacea 
of  Gray's  Mantuil,  not  of  Wait,) 

grandiflora,  Benth. 

pedicularia,  Linn. 

auriculata,  Michx. 
Castilleia  coccinea,  Spreng. 

sessiliflora,  Pursh. 
Pedicularis  Canadensis,  Linn. 

lanceolata,  Michx. 
Melampyrum  Americanum,  Michx. 

ACANTHACE^ 

Dianthera  Americana,  Linn* 
Ruellia  ciliosa,  Pursh. 
Btrepens,  Linn. 

VERBENACEA 

Verbena  angustifolia,  Michx. 
hastata,  Linn, 
urticifolia,  Linn, 
stricta.  Vent. 
OFFicii^ALis,  Linn. 


Verbena  xutha,  Lehm.  A  form  which 
Dr.  Gray  pronounces  to  be  this 
southern  species  grows  in  Grant 
county,  according  to  Th.  A. 
Bruhin. 
bracteosa,  Michx. 

Lippia  lanceolata,  Michx 

Phryma  Leptostachya,  Linn. 

LABIATE 

Tencrium  Canadense,  Linn. 
Isanthus  cseruleus,  Michx. 
Mentha  yiridis,  Linn. 

FIFERITA,  Linn. 

AQUATIOA,  Linn. 

ARVENSis,  Linn. 

Canadensis,  Linn. 
Lycopus  Virginicus,  Linn. 

sinuatus.  Ell.  fL.Europoeus^IAnn. 
var,  nnuatus,  Qray,J 
Pycnanthemum  lanceolatum,  Pursh. 
Satureia  hortensis,  Linn. 
Calamintha  Nuttallii,  Benth.    (C.  gla- 
beUa,    Benth.,     var.    NuttaUii, 
Qray.J 
Hedeoma  pulegioides,  Pers. 

hispida,  Pursh. 
CoUinsonia  Canadensis,  Linn. 
Monarda  didyma,  Linn. 

fistulosa,  Linn. 

punctata,  Linn. 
Blephilia  ciliata,  Raf. 

hirsuta,  Benth. 
Lophanthus  nepetoides,  Benth. 

scrophularisefolius,  Benth. 

anisatus,  Benth. 
Nepeta  cataria,  Linn. 

Glechoma,  Benth. 
Dracocephalum  parviflorum,  Nutt. 
Physostegia  Yirginiana,  Benth. 
Brunella  vulgaris,  Linn. 
Scutellaria  versicolor,  Nutt. 

parvula.  Michx. 

galericulata,  Lina 

lateriflora,  Linn. 
Marrubium  yulqare,  Linn. 
Galeopsis  tetrahit,  Linn. 
Stachys  palustris,  Linn.     The  forms  re- 
ported as  S.  palustriSt  Linn,  var. 
cordata^  Gray,  are  probably  this 
rather  than  S.  cordata,  Riddell. 
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StaohyB  aspera,  liichx.  C8.  pahuMa^ 

var.  aspera^  Gray  J. 
Leonurus  oabdiaoa*  LinzL 
Lamium  AHPLBZioiAnLB,  LiniL 

BORRAGINACEL& 

Echium  yulgabb,  Linn.    Sparingly  es- 
tablished in  roadsides. 
Symphytum  officinale,  Linn.    Spar- 
ingly established. 
Onosmodium  Yirginianum,  D.  G. 

Carolinianum,  D.  C. 
Lithospermmn  offiginalb,  Linn* 
latifolium,  Michx. 
hirtom,  Lehm. 
canescens,  Lehm. 

angustifolium,  Biichx.  fL,  UmgiflO' 
rum,  Spreng.,  which  is  only  the 
long- flowered    spring   state   of 
Michaux's  species.) 
Mertensia  Virginica,  D.  C 

paniculata,  Don. 
Myoeotis  palustris,  Withering. 

vema,  Niitt.    Winnebago  Co. 'Jf.) 
Echinospermum  Lappula,  Lehm. 
Virginicum,  Jjehva.^'Cynoglossum, 
Morrisonij  D.  C.) 
Cynoglossum  officinale,  Linn. 
Virginicum,  Linn. 

HYDROPHYLLACELB. 

Hydrophyllum  Virginicum,  Linn. 

Ganadense,  Linn. 

appendiculatum,  Michx. 
Ellisia   Nyotelea,  Linn,    (including  E. 
ambigtLO,  Nutt.J 

POLEMONIACEJB. 

Polemonium  reptans,  Linn. 
Phlox  paniculata,  Linn.  (Escaped  from 
gardens.) 

glaberrima,    Linn. 

pilosa,  Linn. 

divaricata,  Linn. 

CONVOLVULAOEiE. 

Convolvulus  ARVENSis,  Linn. 

sepium,  Linn.  (Calyategia  sepium, 

R,  Br  J 
spithamseus,  Linn.        (^Calystegiaj 
apithamceay  Pttrsh.J 
Cuscuta  tenuiflora,  Kngelm. 


Cusouta  inflexa,  Engelm. 
chlorocarpa,  Engelm, 
Gronovii,  WiUd. 
glomerata,  Ghoisy. 

SOLANACEiE. 
Solanum  duloamasa,  Linn. 

nigrum,  Linn. 
Physalis  grandiflora,  Hook.    Sturgeon 
Bay. 
Philadelphica,  Lanu 
pubescens,  Linn. 

Virginiana,   MilL    fP.  viscosa, 
Gray's  Manual,  not  of  Linn,) 
**  var.  ambigua,  Gray, 
lanceolata,    Michx.    (P,   Pennayl- 
vanica,  Oray'a  Manual,) 
Nicandra  physaloidbs,  GsBrtn. 
Datura  Stramonium,  Liim. 

Tatula,  Linn. 
Nicotiana  bubtioa,  Linn. 

GENTLAJTACEiE. 

Frasera  Carolinensis,  Walt. 
Halenia  deflexa,  Grisebach. 
Gentiana  quinqueflora,  Lam. 

**  var.  occidentalis.  Gray. 

crinita,  Froel. 

serrata,  Gunner.    (0,  detoma^ 
Oray's  Mamud,) 

alba,  MuhL 

Andrewsii,  Griseb. 

Saponaria,  Linn. 

linearis,   Froel.      fO.    Saponaria, 
Linn,,  var,  linearis,  Oray.) 

puberula,  Michx. 
Bartonia  teneUa,  Muhl. 
Menyanthes  trifoliata,  Linn. 

LOGANLA.CEJE. 
Spigelia  Marilandica,  Linn. 

APOCTTNACE^. 

Apocynum  androssBmifolium,  Linn, 
cannabinum,  Linn.    All  the  forms 
of  Gray's  Manual  occur  abund- 
antlv. 

ASCLEPIADACE^. 

Asclepias  Cornuti,  Decaisne. 
Sullivantii,  Engelm. 
phytolaccoides,  Pursh. 
purpurascens,  Linn. 
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Aflclepias  Tariegata,  liniL 

ovalif olia,  Decaisne. 

incamata,  Linn. 

obtusifolia,  Michx. 

rubra,  Linn. 

tuberoea,  Linn. 

verticillata,  Linn. 
Acerates  Tiridiflora,  EIL 

lanoginoea,  Decaisne. 

longifolia,  EU. 

OLEACEA 

Frazinris  Americana,  Linn, 
pabescens,  Lam. 
Tiridis,  Michx.  f . 
aambucifolia,  Lam 
qoadrangolata,  Michx. 

ARISTOLCKJHIACEiE. 

Asamm  Ganadense,  Linn. 

NYCTAGINACE^ 

Oxybaphos  nyctagineos,  Sweet 

hirsatus,  Sweet.    Western  part  of 

the  state, 
angnstifolius,  Sweet. 

PHYTOLACCACKffl. 

Phytolacca   decandra,    Linn.    White- 
water.   fO,  R,  Kleeberger.J 

CHENOPODLA.CKaL 

Chenopodium  album,  Linn. 
OLAUCUM,  Linn. 
UBBICUM,  Linn. 
HYBRIDUM,  Linn. 
BOTRYS,  Linn. 
AMBROSioiDES,  Linn. 
Blitum  capitatum,  Linn. 
Atriplex  patula,  Linn. 

**  var.  hastata,  Gray 
**  var.  littoralis,  Gray. 
Gorispermum  hyssopif olium,  Linn.  Ra- 
cine.   ("J,  J.  Davi8,J 
SalsolaKali,  Linn. 

AMARANTACEiE. 

Amarantus  hypochondriacus,  Linn. 

RETROFLEXUS,  Linn. 

**  var.  hybridns,  Gray. 
ALBUS,  Linn. 
Acnida  cannabina,  Linn. 

tamariscina,  Gray.  fMontdia  tarn- 
arisdna,  Gray.  J 
Froelichia  Floridana,  Moqoin. 


POLYGONACE.E. 

Polygonum  orientalb,  Linn. 

Hartwrightii,  Gray.    Whitewater. 

Pennsylvanicum,  Linn. 

incamatum,  EIL 

Persicaria,  Linn. 

Hydropiper,  Linn. 

acre,  H.B.EI. 

hydropiperoides,  Ifichx. 

amphibium,  Linn. 

Muhlenbergii,  Wats.  (P,  amphib' 
iuniy  Linn,,  var.  terrestre,  Qroffs 
Manual,  not  of  WtOd.) 

Virginianum,  Linn. 

articulatum,  liinn. 

aviculare,  Linn. 

erectum,  Linn.  (P.  aviculare^  lAnn^ 
var.  erectum.  Roth,  J 

ramosissimum,  Michx. 

tenue,  Michx. 

arifolium,  Linn. 

sagittatum,  Linn. 

CJONVOLVULXTS,  Linn. 

cilinode,  Biichx. 

dumetordum,  Linn. 
Fagopyrum  esculentum,  Mcench. 
Rumex  orbiculatus.  Gray. 

altissimus,  Wood.  fR,  Brittanica^ 
Linn,  J 

yerticillatus,  Linn. 

GRISPUS,  Linn. 

obtusifolius,  Linn. 

maritimus,  Linn. 

AoETOSELLA,  Linn. 

LAURACEifflL 
Sassafras  officinale,  Neee. 

THYMELEACEiB. 
Dirca  palustris,  Linn. 

EL^AGNACE^L 
Shepherdia  Canadensis,  Nutt. 

SANTALACE^. 
Oomandra  umbellata,  Nutt. 

SAURURACE^E. 
Saururus  cemuus,  Linn. 

CERATOPHYLLACE^. 
Ceratophyllum  demersum,  Linn. 
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CALLTTBIGHACKS. 
Callitriche  yema,  Liim. 

EUPHORBLACE^ 

Euphorbia  polygonif  olia,  Linn. 

Gteyeri,  Engelm. 

serpyllif  olia,  Pers. 

glyptosperma,  Engebn. 

maculata,  Linti. 

hypericifolia,  Linn. 

corollata,  Linn. 

heterophylla,  Linn. 

ESULA,  Linn. 

Cyparisstas,  Linn. 

commutata,  Engelm. 
Aoalypha  Virginica,  Linn. 
Croton  glandulosus,  Linn.    (D,  S.  Jor- 
dan,J 

EMPETRACE^. 
Empetnun  nignun,  Linn. 

URTICACKffl. 

Ulmus  fulva,  Michx. 

Americana,  Linn. 

racemosa,  Thomas 
Celtis  occidentalism  Linn. 
Moras  rubra,  Linn. 
Urtica  gracilis,  Ait 

DioiOA,  Linn. 
Laportea  Canadensis,  Gkiudichaud. 
Pilea  pumila.  Gray. 
Bcehmeria  cylindrica,  Willd. 
Parietaria  Pennsylvanica,  MuhL 
Cannabis  sativa,  Linn. 
Humulus  Lupulus,  Linn. 

PLATANACEiE. 
Platanus  occidentalis,  Linn. 

JUGLANDACEJB. 

Juglans  cinerea,  Linn. 

nigra,  Linn. 
Carya  alba,  Nutt. 

sulcata,  Nutt. 

porcina,  Nutt. 

amara,  Nutt. 

CUPULIFERJB. 

Quercus  alba,  Linn. 

stellata,  Wang.     (Q,  obtusUoba, 

Michx.) 
macrocazpa,  Hiohsb 


Quercus  bicolor,  Willd. 

Muhlenbergii,  Engelm.  (Q.Prinus^ 
Linn^  var,  acuminata,  Michx,  J 

prinoides,  Willd.  ("Q,  Prinua,  Linrif 
var.  humUiSt  March.) 

imbricaria,  Michx. 

nigra,  Linn. 

coccinea,  Wang. 
**  var.  tinctoria,  Qraj. 

rubra,  Linn. 

palustris,  Du  RoL 
Fagus  ferruginea.  Ait. 
Corylus  Americana,  Walt. 

rostrata,  Ait 
Ostrya  Virginica,  Willd. 
Carpinus  Americana,  Michx. 

MYRICACEiB. 

Myrica  Gale,  Linn. 
Comptonia  asplenif  olia,  Ait 

BETULACEiB. 

Betula  lenta,  Linn. 

lutea,  Michx.  f. 

papyracea.  Ait 

nigra,  Linn. 

pumila,  Linn. 
Alnus  incana,  Willd. 

serrulata.  Ait 

SALICACE^ 

Salix  Candida,  Willd. 
tristis,  Ait 
humilis.  Marsh, 
discolor,  MuhL 
sericea,  Marsh, 
petiolaris,  Smith. 
PURPUREA,  Linn. 
yiMiNALis,  Linn, 
cordata,  Muhl. 

"  var.  myricoides,  Gray. 
glaucophylla,  Bebb. 
livida,    WahL,    var.   occidentalis, 

Gray, 
lucida,  MuhL 
nigra.  Marsh. 

**  var.  amygdaloides,  'Anderson. 
FRAQUis,  Linn. 
ALBA,  Linn. 

**  var.  vitellina.  Gray, 
longif  olia,  MuhL 
myrtilloides,  Linn. 
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Populus  tremuloides,  Michz. 
grandidentata,  Michz. 
monilif era,  Ait    (Including  P.  an- 

gulata,  Ait) 
balsamifera,  Linik 

var.  candioans,  Qraj. 

DILATATA,  Ait. 

CX>NIFERZS. 

Pinns  Banksiana,  Lambert 

resinosa,  Ait 

Strobus,  Linn. 
Abies  nigra,  Poir. 

alba,  Michx. 

Canadensis,  Michx. 

baLsamea,  Marshall 
Larix  Americana,  Michx. 
Thuja  occidentaliB,  Linn. 
Cupressus  thyoides,  Linn. 
Juniperus  communis,  linn. 
'*  var.  alpina,  Linn. 

Virginiana,  Linn. 
Taxus  baccata,  linn.,  var.  Canadensis, 
Gray. 

ARACEiSL 

Arissema  triphyllum,  Torr. 

Draoontium,  Schott. 
Calla  palustris,  Linn. 
Symplocarpus  foetidus,  Salisb. 
Acorns  Calamus,  Linn. 

LEMNACELE. 

Lemna  trisuica,  linn, 
perpusilla,  Torr. 

**  var.  trinervis,  Austin, 
minor,  Linn. 
"  var.  orbiculata,  Austin. 
Spiroilela  polyrrhiza,  Schleid.  f Lemna 
polyrrhiza^  Linn,J    Winnebago 
county.    {'W,  A,  KeUermanruJ 

TYPHACELffi. 

Typha  latifolia,  Linn. 
Sparganium  eurycarpum,  Engelm. 

simplex,  Hudson, 
var.  angustifolium.  Gray. 

minimum.  Fries. 

NAIADACEJE. 

Naias  flexilis,  Rostk. 
Zannichellia  palutris,  linn. 


Potamogeton  natans,  Linn. 

rufescens,  Schrader. 

lonchitis,  Tuckerm.    Whitewater. 
(O,  R,  Kleeberger.J 

gramineus,  Linn. 

lucens,  Linn.  Winnebago  Co.  fW, 
A,  KeUennann,J 

prsalongus,  Wulfen.    CD,  S,  Jor- 
dan. J 

perf oliatus,  linn. 
*'  var.  lancolatus.  Gray. 

compressus,  linn. 

pauciflorus,  Pursh. 

pusillus,  Linn. 

pectinatus,  linn. 

ALISMACEiB 

Triglochin  palustre,  Linn.    Racine,  f*^, 
«7.  Davi8,J 
maritimum,    Linn.,  var.    elatum, 
Gray.    Racine.    (Dr.  Hoy.) 
Scheuchzeria  palustris,  Linn.    Racine. 

(Dr.  Hoy  J 
Alisma  plantago,  linn.,  var.  Ameri- 

canum.  Gray. 
Sagittaria variabilis,  Engelm.    Inmost 
of  its  widely  varying  forms, 
calycina,  Engelm. 
heterophylla,  Pursh. 

HYDROCHARIDACEiB. 

Anacbaris  Canadensis,  Planchon. 
Vallisneria  spiralis,  Linn. 

ORCHIDACE.E. 

Orchis  spoctabilis,  Linn. 

rotundifolia,   Pursh.    (Hahenaria 
rotundifolia,  Richardson. J 
Perularia  virescens,  Gray.    (H,  vires- 

cens,  Spreng.J 
Habenaria  tridentata.  Hook. 

viridis,  R.  Brown,  var.  bracteata, 
Reich. 

hyperborea,  R.  Br. 

dilatata.  Gray. 

Hookeri,  Torr. 

orbiculata,  Torr. 

leucophaea,  Gray 

lacera,  R.  Br. 

psycodes,  Gray. 
Goodyera  repens,  R.  Br. 

pubescens,  R.  Br. 
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Spiranthes  latif olia,  Torr. 

oemua,  Richard. 

gracilis,  Bigelow. 
Arethusa  bulbosa,  Linn. 
Pogonia  ophioglossoides,  Xutt. 

pendula,  LindL    (D.  S.  Jordan,) 
Calopogon  pulchellus,  R.  Br. 
Microstylis  monophyllos,  LindL 

ophioglossoides,  Nutt. 
Liparis  liliif  olia,  Richard. 

Loeselii,  Richard. 
Corallorhiza  innata,  R.  Br. 

multiflora,  Nutt. 

MacrsBi,  Gray.    Oconto  Co.     fW, 
A.  Kellermann.J 
Aplectrum  hyemale,  Nutt. 
Gypripedium  arietinum,  R  Br. 

candidum,  Muhl. 

parviflorum,  Salisb. 

pubescens,  WiUd. 

spectabile,  Swartz. 

acanle,  Ait. 

AMARYLLIDACEiB. 
Hypoxys  erecta,  Linn. 

HiSMODORACE^ 
Aletris  farinosa,  Linn. 

IRIDACELE. 

InB  versicolor,  Linn. 

lacustris,  Nutt. 
Sisyrinchium  Bermudiana,  Gray. 

**  var.  mucronatum,  Gray. 

"  var.  albidum,  Gray. 

DIOSCOREACELE. 

Dioscorea  villosa,  Linn. 

SMILACEJBL 

Smilaz  rotundif olia,  Linn. 

hispida,    MuhL     Racine.     ("J,    J. 

Davis,  J 
herbacea,  Linn. 

**  var.  pulverulenta,  Gray 

LILLACK^ 

Trillium  sessile,  Linn, 
recurvatum.  Beck, 
graadiflorum,  Salisb. 
erectum,  Linn. 

**  var.  album,  Pursh. 

**  var.  declinatum,  Gray. 


Trillium  cemuum,  Linn. 

nivale,  RiddelL 
Medeola  Virginica,  Linn. 
Zygadenus  glauCus,  Nutt. 
Tofleldia  glutinosa,  WiUd. 
XJvularia  grandiflora.  Smith. 

perfoliata,  Linn. 
Oakesia  sessilifolia,  Wats.    ("Uvularia 

seasilifoliay  Linn,) 
Streptopus  roseus,  Michx. 
Clintonia  borealis,  Raf . 
Convallaria  majalis,  Linn. 
Smilacina  racemosa,  Desf. 

stellata,  Desf. 

trif olia,  Desf. 
Maianthemum   Canadense,    Desf. 
("SmUaeina  bifolia,  Ker,,  var.  Can- 
adense, Or  ay,) 
Polygonatum  biflonun.  Ell. 

giganteum,  Dietrich. 
Asx>aragus  officinalis,  Linn. 
T.nlinm  Canadense,  Linn. 

Philadelphicum,  Linn.    ^ 

Buperbum,  Linn. 
£r3rthronium  Americanum,  Smith. 

albidum,  Nutt. 
Camassia  Fraseri,  Torr.  (SciUa  Fraseri, 

Oray.J 
Allium  tricoccum,  Ait. 

cemuum,  Roth. 

Canadense,  Kalm. 

JUNCACEJE. 

Lozula  pilosa,  Willd. 
campestris,  D.  C. 
Juncus  effusus,  Linn. 
Balticus,  Dethard. 
marginatus,    Rostk.     Milwaukee. 

fDr.  Lewis  Sherman,  J 
bufonius,  Linn. 
Gk)rardi,  LoiseL 
tenuis,  "WiUd. 
pelocarpUs,  E.  Meyer, 
alpinus,  Vill.,  var.  insignis,  Fries. 

Manitowoc    county.      (Th,    A, 

Bruhin,J 
acuminatus,  Michx. 

var.  debilis,  Gray. 

var.  legitimus,  Gray, 
nodosus,  Linn, 
scirpoides,  Lam. 
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Jimoai  Oftiiftiifttirfiij  J.  Gaj,  var.  longi- 
caudatus,  Gray. 
«  Tar.  brachyoephalos,  Gkaj. 
*'  var.  ooarctatoB,  Gkaj. 

TOSTEDEBIACEAL 

Pontederia  oordata,  linn. 

**  yar.  angustifolia,  Gray. 
SchoUera  graminea,  Willd. 

COMMELYNACEiBL 
Tradescantia  yirginica,  linn. 
CTPEBACEiEL 


Cypems  flaveecens,  lii 

diandnis,  Tott. 
'*  Tar.  castaneus.  MuhL 

erythrorhizoB^  MuhL   BaciDe.    fJ. 
J,  Davis.  J 

inflexus,  MuhL 

I^yniatodeB,  MuhL 

Btrigoeus,  Linn. 

Mi<ThftnT^*^""«S  Soholtea 

Engelmamii,  Steud. 

Schweinitzii,  Torr. 

filiculmis,  VahL 
Dulichimn  spathaoetim,  Pera 
Hemicarpha  subsquarroea,  Neea 
Eleocharis  obtusa,  Schultea 

palustria,  R.  Br. 

compressa,  Sullivant    Milwaukee. 
("Dr,  Lewis  Sherman,  J 

intermedia,  Schultea 

tenuis,  Schultes. 

acicularis,  R  Br. 
Scirpus  pungens,  VahL 

Torreyi,  Olney. 

validus,  VahL 

debilis,  Pursh. 

fluTiatilis,  Gray. 

atrovirens,  MuhL 

lineatus,  Michx. 

Eriophorum,  Michx. 
**  Tar.  cyperinus.  Gray. 
Eriophorum  alpinum,  Tiinn. 

vaginatum,  Linn. 

Virginicum,  Linn. 

polystachyon,  Linn. 

gracile,  Koch. 
Fimbristylis  capillaris.  Gray. 
Rhynchospora  alba,  Vahl. 
Cladium  mariscoides,  Torr.  Milwaukee. 
('Dr.  Lewis  Sherman,  J 


Sderia  triglomerata,  Michx. 
Carex  polytrichoides,  MuhL 
Backii,  Booth. 
bronK>idee,  Schk. 
siccata.  Dew. 
disticha,  Huds. 
teretiuscula,  Good. 

'*  Tar.  major,  Koch^ 
Tulpinoidea,  Michx. 
Nuttaim,  Schw.     CC.    eruB-corvi, 

ShutHeworiK) 
fltipata,  MuhL 
oonjuncta,  Boott. 
alopecoidea.  Tuck, 
sparganioides,  MuhL 
oephalophora,  MuhL 
rosea,  Schk. 
ohordorhiza,  Ehrh. 
tenella,  Schk. 
trisperma.  Dew. 
tenuiflora,  WahL 
caneecens,  Linn. 
Deweyana,  Schw. 
Btellulata,  Linn. 

Tar.  scirpoides.  Gray, 
iychnocephala,  Carey.    St.    Croix 

county. 
Muskingumensis,  Schk.  (C.  arida, 

Schw,  <fc  Torr  J 
scoparia,  Schk. 
lagopodioides,  Schk. 

'*  var.  mirabilis,  Boott. 
straminea,  Schk.    Occurs  in  most 
of   its  almost    indistinguishable 
forms, 
rigida.  Good. 
Tulgaris,  Fries, 
aquatilis,  WahL 
aperta,  Boott. 
stricta.  Lam. 

var.  strictior,  Carey. 
crinita.  Lam. 
limosa,  Linn, 
irrigua,  Smith. 
Buxbaumii,  WahL 
aurea,  Nutt. 
panicea,  Linn.  var.  Meadii,  Olney. 

fC,  Meadii,  Dew,) 
''  var.  tetanica,  Olney.  (Q,  tetanioa, 

Schk.J 
micTodonta,   Dew.     fC.    Crawei^ 
DewJ 
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Caiex  granulans,  MuhL 
grisea,  WahL 
Davisii,  Schw.  &  Torr. 
gracillima,  Schw. 
virescens,  MuhL    Bacine,      fj,  J, 

Davis,) 
plantaginea,  Lam. 
platyphylla,  Carey, 
digitalis,  WiUd. 
laziflora.  Lam. 

var.  intermedia,  Boott. 

▼ar.  blanda,  Carey, 
oligocarpa,  Schk. 
Hitchcockiana,  Dew. 
ebumea,  Boott. 
pedunculata,  MuhL- 
Pennsylvanica,  Lanii 
varia,  MuhL 
Richardsonii,  R.  Br, 
pubescens,  MuhL 
miliacea,  MuhL 
flava,  Linn. 

viridula,  Michx.  (C.  (Ederi,  Ehrh.) 
filiformis,  Linn, 
lanuginosa,  Michz. 
Houghtonii,  Torr.   Milwaukee  (Dr, 

Lewis  Sherman  J,  Lake  La  Biche. 
riparia,  Curtis, 
comosa,  Boott. 
Pseudo-Cyperus,  Linn, 
hystricina.  Willd. 
tentaculata,  Michx. 
intumescens,  Rudge. 
lupulina,  Muhl. 
lupuliformis,   SartwelL     (Th,   A, 

Bruhin.) 
folliculata,  Linn, 
squarrosa,  Linn, 
retrorsa,  Schw. 
utriculata,  Boott. 
monile,  Tuck, 
bullata,  Schk. 
oligosperma,  Michx. 
longirostris,  Torr. 

GRAMINEA 

Leersia  Virginica,  Willd. 

oryzoides,  Swartz. 

lenticularis,  Michx. 
Zizania  aquatica,  Linn. 
Alopeourus  pratensis,  Limu 

aristolatas,  Michx. 


Phleum  PRjLTBNSE,  Linn. 
Vilf a  aspera,  Beau  v. 

vaginaeflora,  Torr. 
Sporobolus  junceus,  Kunth. 

heterolepis,  Qray. 

cryptandrus.  Gray. 
Agrostis  perennans,  Tuckerm. 

scabra,  Willd. 

vulgaris,  Withering. 

alba,  Linn. 
Cinna  arundinaoea,  Linn, 
var.  pendula,  Gray. 
Muhlenbergia  sobolif  era,  Trin. 

glomerata,  Trin. 

Mexicana,  Trin. 

sylvatica,  Torr.  &  Gray. 

Willdenovii,  Trin. 
Brachyelytrum  aristatum.  Beauv. 
Galamagrostis  Canadensis,  Beauv. 

longifolia,  Hook. 
Oryzopsis  melanocarpa.  MuhL 

asperifolia,  Michx. 

Canadensis,  Torr. 
Stipa  avenacea,  Linn. 

spartea,  Trin. 
Aristida  purpurascens,  Poir.   St  Croix 
county. 

tuberculosa,  Xutt. 
Spartina  cynosuroides,  Willd. 
Boutelouaoligostachya,Torr.  St  Croix 
county. 

hirsuta,  Lagasca. 

curtipendula.  Gray. 
Dactylis  qlomerata,  Linn. 
Koeleria  cristata,  Pers. 
Eatonia  obtusata.  Gray. 

Pennsylvanica,  Gray. 
Mellca  mutica,  Walt. 
Glyceria  Canadensis,  Trin. 

elongata,  Trin. 

nervata,  Trin. 

pallida,  Trin. 

aquatica.  Smith. 

fluitana,  R.  Br. 
Poa  annua,  Linn. 

compressa,  Linn. 

CdBsia,    Smith.      Milwaukee    (Dr. 
Lewis  Sherman  J,  northward. 

serotina,  Ehrhart. 

pratensis,  Linn. 

TBiviALis,  Linn. 

qrlveBtris,  Gray. 
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Poa  debilifl,  Torr. 

alsodes,  Gray. 
Eragrostis  reptans,  NeeSi 

FOJBOiDES,'  Beauv.,  var.  megasta- 
chja,  Gray. 

Frankii,  Meyer. 

capillaris,  Nees. 

pectinacea,  Gray, 
▼ar.  spectabilis,  Gray. 
Festuca  tenella,  Willd. 

oviDa,  Linn. 

nutans.  Willd. 
Bromus  sbcaunus,  Linn. 

Kalmil,  Gray. 

ciliatus,  Linn. 
Tar.  purgans,  Gray* 
Uniola  latifolia,  Michx. 
Phragmites  communis,  Trin. 
Lolium  PEBBNNS,  Linn. 
Triticum  repens,  Linn. 

dasystachyum,  Gray. 

violaceum,  Linn. 

caninum,  Linn. 
Hordeum  jubatum,  Linn* 
Elymus  Yirginicus,  Linn. 

Canadensis,  Linn, 
var.  glaucif  oliuB,  Ghray. 

striatus,  Willd. 
*  mollis,  Trin. 
Gymnostichum  Hystrix,  Schreb. 
Danthonia  spicata,  Beauv. 
Avena  striata,  Michz. 
Trisetum    subspicatum,    Beauv.,  var. 

molle.  Gray. 
Aora  flexuosa,  Linn. 

csBspitosa,  Linn. 
Holcus  LANATUS,  Linn. 
Hierochloa  borealis,  Roem.  Sc  Schultea. 
Fhalaris  Canariensis,  Tifwi. 

arundinacea,  Linn. 
Milium  effusum,  Linn. 
Panicum  glabrum,  Gaudin. 

SANGUINALE,  Linn. 

capiUare,  Linn. 

sutumnale,  Bosc 

rirgatum,  Linn. 

latifolium,  Linn. 

clandcstinum,  Linn. 

xanthophysum.  Gray. 

pauciflorum,  Gray.    (EIL?) 

dichotomum,  Linn. 

depauperatum,  MuhL 


Panicum  Cbus  qauj,  Linn, 
var.  hispidum.  Gray. 
Setaria  olauca,  Beauv. 

YIBIDIS,  Beauv. 

Italica,  Kunth. 
Cenchrus  tribuloides,  Linn. 
Andropogon  f  urcatus,  MuhL 

Booparius,  Michx. 
Sorghum  nutans,  Gray. 

EQUISETACEA 

Equisetum  Telmateia,  Ehrh. 
arvense,  Linn, 
pratense,  Ehrh. 
eylvaticum,  Linn, 
palustre,  Linn, 
limosum,  Linn. 
IsBvigatum,  Braun. 
hyemale,  Linn, 
▼ariegatum,  Schleicher. 
Boirx)oides,  Michx. 

FILICE& 

Polypodium  vulgare,  Linn. 
Adiantum  pedatum,  Linn. 
Pteris  aquilina,  Linn. 
Gheilantiies  lanuginosa,  Nutt. 
Pellasa  gracilis.  Hook. 

atropurpurea,  Link. 
Asplenium  Trichomanes,  Linn. 

angustifolium,  Michx. 

thelypteroides,  Michx. 

Filix-foemina,  Bernh. 
Camptosorus  rhizophyllus.  Link. 
Phegopteris  polypodioides,  Fee. 

hexagonoptera,  Fee. 

Dryopteris,  Fee. 
Aspidium  Thelypteris,  Swartz. 

Noveboracense,  Swartas. 

fragrans,  Swartz. 

spinulosum,  Swartz. 
var.  intermedium,  Gray, 
var.  dilatatum,  Gray. 

cristatum,  Swartz. 

Gk)ldianum,  Hook. 

marginale,  Swartz. 

acrostlchoides,  Swartz. 

aculeatum,  Swartz.,  var.  Braunii, 
Koch. 
Cystopteris  bulbifera,  Bernh. 

fragilis,  Bernh. 
Onoclea  sensibilis,  Linn. 


UST  OF  PLANTS. 


896 


Onoclea,  var.  obtusilobata,  Torr. 

Struthiopieris,    Hoffm.    fStruthi- 
opteris  Germanica,  WUldLJ 
Woodsia  obtusa,  Torr, 

Ilvensis,  R.  Brown. 
Osmunda  regalis,  Linn. 

Claytoniana,  LinzL 

cinnamomea,  Linn. 

OPHIOGLOSSACEiE. 

Botrychium  Virginianum,  Swartz. 
ternatum,  Swartz.  fB.  lunarioides, 
8wariz.J 
Ophioglossum  vulgatum,  linii. 


LYCOPODIAOELffl. 

Ljcopodium  lucidulum,  Michz. 
annotinum,  Lizm. 
dendroideum,  Michz. 

var.  obscurum,  Gbraj. 
davatum,  linn, 
complanatum,  Lonn. 

SELAGINELLEA 

Selaginella  selaginoides,  Link, 
rupestris,  Spring, 
apus,  Spring. 


CHAPTER  YI. 


A  PAETIAL  LIST  OF  THE  FUNGI  OF  WISCONSIN,  WITH 

DESCRIPTIONS  OF  NEW  SPECIES. 


BY  W.  P.  BUNDY. 


DIVISION  I.    8P0RIFERA. 

FAMILY  L    HYMENOMYCETES. 


Ordeb  L    Agabicinl 

sebies  i.    ijeucosfobl 

Genus  1,  Agaricua. 

Sub-Qenua  Amanifa, 

Agariciis  (Amanita)  vaginatus.    Bull. 
A.  (Amanita)  OecilisB.    B.  <fir  Br. 
A.  (Amanita)  adnatus.    Smith, 
A.  (Amanita)  vemus.    BulL 
A.  (Amanita)  phalloides.    Fr, 
A.  (Amanita)  muscarius.    L, 

var.  minor. 
A.  (Amanita)  pantherinus.    D.  C, 
A.  (Amanita)  asper.    Fr, 
A.  (Amanita)  lenticularis.    Lasch, 

SvJthOenua  Lepiota, 

A.  (Lepiota)  procerus.    Scop, 

A.  (Lepiota)  rachodes.     Vitt 

A.  (Lepiota)  acutesquamosus.     Wm. 

A.  (Lepiota)  holosericens.    Fr, 

Sub-Oenus  AmUlaria, 
A.  (Amillaria)  melleus.     Vahl, 

Sub-Genus  Tricholoma, 
A.  (Tricholoma)  sapidiis.    KalcM, 

Sub-Genus  Clitocybe. 

A.  (Clitocybe)  nebularis.    Batsch, 

A-  (Clytocybe)  Poculum.    Pk. 

A.  (Clitocybe)inf undibulif ormis. 

Schcef, 
A,  (Clitocybe)  phyllophilus.    Fr, 
A.  (Clitocybe)  laccatus.    Fr. 
A.  (Clitocybe)  giganteus.     Fr. 
A.  (Clitocybe)  geotrupus,    BuU, 


Sub-Genus  Pleurotus. 

A.  (Pleurotus)  ulmarius.    Bull, 
A.  (Pleurotus)  serotinus.    ScharcL 
A.  (Pleurotus)  subpalmatus.    Fr, 

Sub-Genus  Collybia, 

A.  (Collybia)  dryophilus.    BuU, 
A.  (Collybia)  velutipes.    Curt, 
A.  (Collybia)  familia.    Pk, 
A.  (Collybia)  collinus.    Scop, 

Sub-Genus  Mycena, 

A,  (Mycena)  acicula.    Schceff, 

A.  (Mycena)  pelianthinus. 

A.  (Mycena)  corticola,    Schum, 

A.  (Mycena)  galericulatus.    Scop 

A.  (Mycena)  tenuis.     Bolt. 

A.  (Mycena)  rugosus.    Fr. 

A.  (Mycena)  polygrammus.    Bull. 

A.  (Mycena)  atro-albus.    BuU. 

A.  (Mycena)  alcalinus.    Fr, 

Sub-Genus  OmphcUia, 
A.  (Omphalia)  fibula.    Bull. 

SERIES  U.     HYPORHOrHi 

Sub-Genus  Volvaria. 

A.  (Volvaria)  bombycinus.    Schceff, 
A,  (Volvaria)  parvulus.     Weinm, 
A,  (Volvaria)  speciosus.    Fr. 

Sub-Genu^  Pluteus, 

A.  (Pluteus)  cervinus.    Schceff. 
A.  (Pluteus)  admirabilis.     Pk. 
A.  (Pluteus)  leoninus.    Scliceff. 
A,  (Pluteus)  clirysophsBus.    Schceff. 
A.  (Pluteus)  umbrosus.    Pres, 
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Sitb-Oenus  Entoloma, 

A.  (Entoloma)  sericellus.     Fr, 
A.  (Entoloma)  nidorosus.    JFV. 

Sub-Oenus  Clitopilus, 
A.  (Clitopilus)  prunulus.    Scop, 

Svb-Oentia  Leptonia, 
A.  (Leptonia)  chalybeeus.    P. 

SERIES  m.     DERMINI. 

Sub-Oenna  Pholiota, 
A,  (Pholiota)  prsecoz.    P. 

SuthOentia  Hebeloma, 

A.  (Hebeloma)  sinapizans.    J^. 

A.  (Hebeloma)  fastibilis.    Fr, 

A.  (Hebeloma)  pyriodorus.    P. 

A,  (Hebeloma)  deglubens.    Fr, 

A,  (Hebeloma)  rimosiis.     BtUL 

A.  (Hebeloma)  crustuliniformis.    BulL 

Sub-Oenua  Naucoria. 

A.  (Naucoria)  melinoides.    J^. 

A.  (Naucoria)  semi-orbicularis.    BiiU, 

A,  (Naucoria)  pediades.    Fr, 

Suh'Oenus  Oalera. 

A,  (Galera)  ovalis.    J^. 
A.  (Galera)  tener.    Schceff. 
A.  (Galera)  hypnorum.    Batsch, 
A,  (Galera)  alem-iatus.     Fr, 

Sub- Genua  TubaHa, 
A.  (Tubaria)  f urf uraceous.    P. 

SERIES  IV.      PRATELLJE. 

Svb-Genus  Pscdliota, 

A.  (Psalliota)  campestris.    L, 
A.  (Psalliota)  sylvaticus.    Schceff, 
A.  (Psalliota)  naucinoides.    Pk, 

Sub-Genus  Stropharia, 
A.  (Stropharia)  semiglobatus.    Batach, 

Sub-Genu8  Hypholoma, 

A.  (Hypholoma)  lacrymabundis.    FY, 
A.  (Hypholoma)  fascicularis.     Hud, 
A-  (Hypholoma)  perplexus.    PA;. 

Sub- Genus  Psilocybe, 

A.  (Psilocybe)  cernuus.    MUll, 
A.  (Psilocybe)  foenisecii.     P. 


SERIES  T.     OOPBINARIL 

Sub-Genus  Panceolus, 

A,  (PansBolus)  retirugis.    Batsch, 
A.  (Panadolus)  cami>anulatus.    L, 
A.  (PanaBolus)  solipides.    Pk, 
A.  (Panaeolus)  fimicola.    Fr, 

SidhGenus  PsathyreUa, 

A.  (PsathyreUa)  gracilis.    Fr, 

A.  (PsathyreUa)  disseminatus.    JV. 

A.  (PsathyreUa)  atomatus.    FY, 

Cfenus  tj  Coprinia, 

Coprinus  comatus.    Fr, 
C.  ovatus.    J^. 
C.  atramentarius.    Fr» 
C.  picaceous.    Fr, 
C.  apthosus.    Fr, 
C.  niveus.    Fr, 
C,  micaceus.    Fr, 
C,  ephemerus.    Fr, 
C.  plicatilis.    Fr, 
C,  semilanatus.    Ph 

Genus  S,  Bolbitius, 

Bolbitius  f  ragiUs.    Fr, 

B.  titubans.    2?V. 

Genus  ^,  Cortinarius, 

Ck)rtinarius  squamulosus.    Pk, 

C.  violaceus.    L, 

C.  alboviolaceus.    Fr, 
C.  pholideus.    Fr, 
C.  cinnamomeus.    Fr, 

var.  semisanguinea.    Fr, 
C,  hinnuleus.    Fr, 

Genus  5,  PaxUlus, 
PaxiUus  involutus.    J^. 

Genus  6,  Hygrophorua, 

Hygrophonis  conicus.    Fr, 

H.  coccineus.    Pr. 

H.  canthareUus.    Schw, 

H.  ceraceus.    Fr, 

H.  chloraphanus.    Fr, 

Genus  7,  Lactarius, 

Lactarius  insulsus.    Fr, 

L.  zonarius.    Fr, 

L.  pyrogalus.    Fr, 

L.  chrysorrhaBUs.    Fr, 

L.  pii)eratu8.    Fr,  » 
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Lactarius  vellerens.    Fr. 
L.  deliciosus.    Fr, 
L.  theiogalus.    Fr, 
L.  camphoratus.    Fr. 
L.  diBtans.    Pk, 
L.  villosus.    Fr, 
L.  sordidus.    Pk, 
L.  uvidus.    Fr, 
L.  volemus.    Fr, 
L.  affinis.    Pk, 

Genua  8,  Russuku 

Bussula  simillimus.    Pk, 

B.  rubra.    Fr. 

B.  foBtens.    (Pers.)    Fr. 

B.  Integra.    JFV. 

R.  emetica.    Fr, 

R.  sardonia.    Fr, 

B.  vetemosa.    fV. 

B.  Mariae.    PA:. 

R.  deoolorans.    ^. 

B.  virescena.    CSchaeff,J    Fr. 
R.  depallens.    Fr, 

R.  f urcata.    ^. 
R.  sanguinea.    Fr, 
R.  lactea.    Fr, 

Oenu8  9,  CanthareHus, 

Cantharellus  cibarius.    Fr, 

C.  minor.    Pk, 

Oenus  lOy  Marasmius. 

Marasmius  erythropus.     Fr. 
M.  rotula,    fScop.J    Fr, 
M.  pulcherripes.     Pk. 
M.  campanulatus.    Pk, 
M.  androsaceuB.    Fr, 

Oenus  11,  LentinuB, 

Lentinus  lepideus.    Fr, 
L.  flabelliformis.    Fr, 

Oenus  12y  Panus, 

Panus  stypticus.    Fr. 
Panus  tomentoeus.    sp.  nov. 

Pileus  rather  fleshy,  becoming  tough, 
depressed,  nearly  plane  in  some  speci- 
mens, subinfundibuliform,  dull  yellow- 
ish, merging  into  purple,  tomentous, 
outer  zone  densely  covered  with  tawny 
hairs;  margins  incurved;  gills  narrow, 
decurrenty  white,  at  first  tinged  with 


purplish;  stipe  ecoentric,  short,  thicker 
below,  densely  covered  with  tawny 
hairs. 

From  1  to  1%  in.  high;  pileus  about 
as  wide. 

On  oak  logs.    Ironton.    July. 

Qtnua  IS,  Sehizophyllum. 
Bchizophyllum  commune.    Fr, 

Oenus  14f  Lenzites. 
Lenzitee  betulin^    Fr, 

Order  n.    Polyporei. 
Oenus  IS,  Boletus. 

Boletus  elegans.    Sehum. 

B.  flavus.     With. 

B.  badius.    Fr. 

B.  chrysenteron.    Fr, 

B.  subtomentosus.    L, 

B.  edulis.    BuU. 

B.  felleus.    BuU, 

B.  bicolor.    Fr. 

B.  castaneus.    BuU, 

B.  retipes.    B.  and  C* 

B.  cyanescens.    Bull, 

B.  scaber.    Fr. 

B.  strobilaceus.    Scop. 

B.  radicosus.     sp.  nov. 

Pileus  thin,  wide,  recurved,  yellow 
tinged  with  brown;  cuticle  easily  re- 
moved; flesh  pale  yellowish,  tinged 
with  pink,  not  changing  color  when 
bruised;  tubes  decurrent,  large,  im- 
even-mouthed,  compound,  angular, 
tinged  with  brown;  stipe  flexuous,  yel- 
low above,  whitish  below,  rough  with 
dark  appressed  scales,  flbrous  rooted. 

Height  3'  to  4',  width  of  pileus  4', 
stipe  5'.    Baraboo  Bluffs,  July. 
B.  lateralis,    sp.  nov. 

Pileus  moderately  thin,  umber, 
lighter  toward  margin,  viscid,  lateral 
margins  incurved;  tubes  wide,  shallow, 
angular,  bounded  by  prominent,  vein- 
like lamellaB  connected  by  less  promi- 
gent  anastomosing  dissepiments;  yel- 
low; stipe  lateral,  short,  reticulated  by 
decurrent  anastomosing  lamellaB, brown 
or  olive  brown,  sometimes  tinged  with 
red.    Pileus  2'  wide,  stipe,  5'  to  8'  long. 
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About    old    basswood     stumps 
swamps.    Sauk  City.    Aug. 
B.  spectabills.    Pk, 

Oenus  16,  Polj/poru8» 

Polyporus  brumalis.    Fr. 
P.  perennis.    Fr, 
P.  squamosus.    J^. 
P.  sulphurous.    Fr, 
P.  fomentarius.    J^. 
P.  hirsutus.    Fr. 
P.  purpureus.    JFV. 
P.  salicinua     Fr, 
P.  betulinus.    JFV. 
P.  varius.    Fr, 
P.  elegans.    Fr, 

Order  IIL    Hydnel 

Oenus  17,  Hydnum. 

Hjdnum  repandum.    L, 
H.  niveum.    P, 
H«  imbricatum.    L, 

Oenus  18,  Sistotrema, 
Sistotrema  confluen&.    Pers, 

Order  IV.    AuriculaiIinl 

Oenus  19,  CratereUus, 
Craterellus  comucopioides.    Fr, 


in  Oenus  tO,  Auricularia. 

Auricularia  mesenterica.    BvIL 

Order  Y  .    Clayariel 

Oenus  XI,  Clavaria. 

Clayaria  cristata.    Holmsk. 

C.  fusiformis.    Sow, 

C.  vermiculata.    Seep, 

C,  aurea.    Schceff, 

G.  coralloides.    L, 

C,  cinerea.    BuU, 

C,  fragilis.    Holmsh 

C.  flava.    JFV. 

C.  Kunzei.    Fr, 

G.  stricta.    P, 

C,  insequalis.    ifiUZ. 

C.  ligula.    Fr, 

• 

Order  VL    Trxmellho. 

Cfenus  tt,  TremeU<u 

Tremella  fimbriata.    Pers, 
T.  lutescens.    Fr, 
T.  mesentericus.    JRetz, 
T.  albida.    Hud, 

Oenus  tS,  Exidia, 
Exidia  glandulosa.    Fr, 

Oenus  1^4,  Dacrymyoes, 
Dacrymjoes  stellatus.    Nees, 


FAMILY  n.    GASTEROMYCETES. 


Order  VIL    Podaxinei. 

Oenus  tS,  Podaxon, 
Podaxon  Wamei.    Pk, 

Order  vni.    Phalloidel 

Oenus  t6,  Phallus, 
Phallus  impudicus.    L, 

Order  IX.    TRicHOOASTREa 

Oenus  t7,  Oeaster, 

Geaster  Bryantii.    Berk, 
G.  hygrometricus.    P, 
G.  striatus.    D,  C, 

Oenus  t8,  Bovistcu 

Bovista  Digrescens.    P, 

B.  plumbea.    P, 

B.  ammophila.    Lev. 


Cfenus  td,  Lyeoperdon. 

Lycoperdon  giganteum.    Batscih* 

L.  caelatum.    Fr, 

L.  Wrightii    B.  db  C. 

L.  atropurpureum.     Vitt, 

L.  cyathiforme.    Base, 

L.  pusillum.    Fr, 

L.  saccatum.     Vahi, 

L.  gemmatum.    Fr, 

L.  pyrif orme.    Schceff* 

L.  separans.    Pk, 

Cfenus  SO,  Sderodemuu 

Scleroderma  vulgare.    Fr, 

S.  bovista.    Fr, 

S.  vemicosum.    Pers. 

Order  X.    Myxooastres. 
Oenus  SI,  Lycogala 
Lycogala  epideudrum.    Fr. 
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Oenus  S2,  Hetieularui, 
Reticularia  umbrina.    Fr, 

Oenus  SS,  Mthaliuitu 
^thalium  septicum.    Fr, 

Oenus  S4,  Spumaria* 
Spumaria  alba.    D.  C, 

Oenus  S5f  Stemonitis, 

Stemonitis  f usca.  Roth, 
S.  femiginea.    Ehrb, 


Oenus  36,  Areyria, 
Arcyria  punicea.    P. 

Order  XL    Nidulariaoel 

Oenus  S7f  Cyathus, 

Cyathus  striatus.    Hoffm, 
C.  vemicosus.    D,  C, 

Oenus  S8,  Crucibvlum, 
Crucibulum  Tulgare.    Tal, 

Oenus  S9,  Sphcerobolua. 
SphsBTobolus  stellatus.     Tode, 


FAMILY  nL    CONIOMYCETES. 


Order  xn.    Torulacel 

Oenus  io,  Torula, 

Torula  ovalispora.    Berk, 
T.  herbarum.    Lk. 

Oenus  41,  HelicospoHum, 

flelicoeporium  pulvinatum.    JFV. 

Order  XIII.    Pucoinlsi. 

Oenus  4^f  Phragmidium, 

Phragmidium  mucronatum.    Link, 

Oenus  43,  Puccinia, 

Puccinia  graminis.    Pers, 
P.  xanthii    Schw, 

Oenus  44,  Podisoma, 

Podisoma  juniperi.    Pr, 

Order  XIV.    C^omacel 

Oenus  4^ y  Ustilago, 

Ustilago  carbo.     T\U, 
U.  maydis.    Corda, 

Oenus  46^  Cystopus, 

Cystopus  Candidas.    Lev, 
C.  portulacsB.    D.  C, 


Oenus  47,  Uredo, 
Uredo  potentillarum.    D,  Q. 

Oenus  48 J  Lecythecu 
Leoythea  Baliceti    Lev, 

Order  XY.    .^cwiacel 

Oenus  49,  RoRstelicu 

Boestelia  lacerata.    TuL 
R  comuta.    Tul, 

Oenus  50,  jEcidium, 

Mcidiwai  oenothersB.    Pk. 
M,  berberidis.    Pers. 
M,  grossulariae.    D.  C 
JE,  violsB.  Schum, 
JE,  geranii.    D.  C, 
M,  podcphylli.    Schw, 
^,  compositarum.    Mart, 
^.  erigeronatura.    Schw, 
^.  ranunculacearum.    D,  C* 
M,  epilobii.    D.  C, 
M,  quadrlfldum.    D,  C, 
M.  Marias- Wilaoni.    PA;. 


FAMILY  IV.    HYPHOMYCETES. 


Order  XVI.    Dehatiel 

Oenus  61,  Helminthosporium, 

Helminthosporium  folliculatiun. 

Corda, 
H.  tiara.    B,  &  R, 

Oenus  6t,  Macrosporium, 
Macrosporium  cheiranthi.    Fr* 


Cfenus  6S,  Helicoma, 
Helicoma  Mullen.     Corda, 

Order  XVII.    Mucedines. 

Oenus  64,  Aspergillus, 

Aspergillus  glaucus.    Lk, 
A.  candidus.     Lk, 
A.  yirens.    Lk, 
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Oenns  65 ^  Peronosjfjorct, 

Peronospora  infestans.    Mont, 

P.  niyea.     Ung. 

P.  gangliformis.    Berk. 

P.  parasitica.    Pers, 

P.  vici^d.    Berk, 

Qenu8  66,  PenicUlium, 

Penicillium  crustaceum.    Fr. 
P.  candidum.    Lk, 


Oenus  67y  Sporotrichum. 
Sporotrichum  sulphureum.    Cfrmf, 

Gfenus  6S,  Acremonium. 
Acremonium  f  uscum.    Schm, 

Oentis  59,  BhopaJomycea. 
Rhopalomyoes  pallidus?    B,  dt  Br, 

Order  XYII.    Lepedonisi. 

Oenus  60,  Lepedoniunu 
Lepedonium  chryBospermum*    Lk, 


DIVISION  11.     SPORIDIIFERA. 

FAMILY  V.    PHYSOMYCETES. 


Order  XVIIL    Mucorinl 

Oenus  61,  Ascophora. 
Asoophora  mucedo.     Tode. 

Oenus  6S,  Mucor. 
Mucor  mucedo.    L. 


Oenus  63,  Hydropharcu 
Hjdrophora  stercorea.    Tode, 

Oenus  64,  Sporodini€U 
Sporodinia  dichotoma.    Cordcu 


FAMILY  VL    ASCOMYCETES. 


Order  XIX.    Elvellacel 

Oenus  65,  MorcheUa. 
Morchella  esculenta.    Pers, 

Oenus  66,  Helvetia, 

Helvella  crispa.    Fr, 
H.  sulcata.    Afz, 

Genus  67,  Verpa, 
Verpa  conica.    Sow, 

Oenus  68,  Leotia, 
Leotia  lubrica.    Pers, 

Oenus  69,  Oeoglossum, 
Oeoglossum  luteum.    PA;. 

0€7ius  70,  Ehizina, 
Rhizina  undulata.    Fr, 

Oenus  71,  Peziza, 

Peziza  macropus.    Pers, 
P.  scutellata.     L. 
P.  floc'cosa.     Schw, 
P.  aurantia.  Fr. 
P.  coccinea.     Jacq. 
P.  virginea.    Batsch, 
P.  Bangui nea.    Pers, 
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P.  echinosperma.    Pk, 
P.  imperialis.    Pk, 
P.  Wamei    Pk, 
P.  venosa.    P, 
P.  melaloma.    A,  <fir  8. 

Oenus  7t,  Nodularia, 
Nodularia  balsamicola.    Pk, 

Oenus  7S,  Helotium, 

Helotium  citrinum.    Fr, 
H.  claro-flavum.    Berk. 
H.  macrosporum.    Pk, 
H.  epiphyllum.    Fr, 

Oenus  74y  Btdgaricu 

Bulgaria  inquinans.    Fr, 
B.  rufa.    Schw. 

Order  XX.    Phagidiagel 

C^enus  76,  Hysterium, 
Hysterium  f raxini.    Pers. 

Order  XXI.    Sfhmbilcei. 

Oenus  76,  Hypomyces, 
Hypomyceslactifluorum.    Schw, 


CHAPTER  YII. 


THE  ORUSTAOEAN  FAUNA  OF  WISCONSIN, 

WITH 

DESCRIPTIONS  OF  LITTLE  KNOWN   SPECIES  OF  CAMBABUa 

Bt  W.  F.  Buhdt. 

ORDER  DECAPODA. 

FAMILY  ASTACIDiffi. 

OENUB  OAMBABXTS. 

CambaruB  cusutua.    Oir.    Racine,  Sauk  City. 

0.  atygius.    Bundy,    Bulletin  No.  1,  IlL  Mus.  Nat.  Hist,  1876. 

RoBtrum  long  and  pointed,  smooth  above,  foveolate  at  base,  cephalothoraz 
slightly  compressed,  smooth  or  slightly  punctate  above,  finely  granulate  on  sides; 
areola  narrow;  lateral  spine  acute;  antennal  plates  wide,  truncate,  with  ^short 
apical  teeth;  epistoma  rounded  in  front,  twice  as  wide  as  long;  third  maxilli- 
pedes  hairy  on  inner  and  lower  aspects;  chelsd  short,  smooth  above,  serrate  on 
interior  margins;  fingers  short,  nearly  straight,  costate  and  punctate  above,  con- 
tiguous margins  tuberculate,  exterior  one  hairy;  third  joint  of  third  (and  fourth  ?) 
thoracic  legs  of  male  hooked.  (Of  three  males  sent  me  by  Dr.  P.  R.  Hoy,  not 
one  had  the  fourth  thoracic  legs  remaining.) 

First  abdominal  of  male  short,  truncate,  with  three  short,  obtuse  teeth  di- 
rected outward  from  the  posterior  margin  at  apex.  A  smooth  groove  passes 
up  on  the  outside  of  the  leg  between  these  teeth  and  the  anterior  margin. 

Ventral  annulus  of  female  flat,  transversely  elliptical,  posterior  margin  slightly 
elevated. 

This  species  is  closely  related  to  C.  acutus,  but  may  be  at  once  separated  by 
the  shorter  hands, —  similar  to  those  of  C.  propinquiis, —  and  the  non-tubercu- 
lated  annulus  of  female. 

Found  by  Dr.  P.  R.  Hoy  on  the  shores  of  Lake  Michigan,  having  been  washed 
ashore  during  a  storm. 

C  virUU.  Hagen.  One  of  our  most  abundant  species,  frequenting  running 
streams. 

O.  propinqutis,    Oir,    Abundant,  in  company  with  C.  virilis. 

C  cousii  f  Street,  A  few  specimens  among  the  collections  of  Beloit  College. 
I  cannot  distinguish  from  the  above. 

C  ruaticus,    Oir,    Lake  Superior  (Hagen).    Beloit  (Swezey). 

C.  Wiseonainensis,    Bundy,    BulL  No.  1,  lU.  Mus.  Nat.  Hist.,  1876. 

Resembles  C,  virilia.  Rostrum  somewhat  narrowed  in  front,  more  or  less 
excavated  above  (in  some  individuals  nearly  plane),  anterior  teeth  short,  acumen 
short,  acute;  cephalothorax  wider  than  deep,  punctate  above,  granulate  and 
tuberculate  on  sides,  especially  in  front,  lateral  teeth  present  with  a  tuft  of  hairs 
in  front  of  them  in  transverse  sutm-e;  areola  distinct,  narrow,  wider  behind; 
cephalic  carinas  prominent,  sulcate,  obtuse  anteriorly,  thickened  behind;  anten- 
nal plates  exceed  rostrum;  antennss  slender,  reaching  middle  of  abdomen; 
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epistoma  transTerse,  truncate,  or  in  some  individuals  emarginate,  sides  oblique; 
maxillipedes  coarsely  barbate  on  inner  aspect,  sparingly  so  below;  chelsd  much 
as  in  C.  yirilis,  but  somewhat  more  slender,  fingers  punctate  and  costate  above 
with  rounded  tubercles  on  contiguous  edges,  outer  one  hairy  at  base;  movable 
finger  with  two  rows  of  serrate  .teeth  on  inner  margin,  inner  margin  of  chelsB 
with  two  rows  of  teeth;  carpus  with  one  sharp  spine  on  middle  of  lower  anterior 
margin  and  a  larger  one  at  middle  of  interior  margin;  brachium  with  two  rows 
of  sharp  teeth  below;  third  joint  of  third  thoracic  legs  hooked;  first  abdominal 
legs  of  male  long>  bifid,  external  part  longer,  both  recurved,  inner  often  some- 
what enlarged  near  tip.  These  legs  reach  to  base  of  first  thoracic  pair  when  the 
abdomen  is  flexed.  Length  of  areola  contained  one  and  one-third  times  in  line 
from  cervical  suture  to  tip  of  acumen.  Racine,  Ironton,  Wi&  Normal,  DL 
Not  common. 

a  debaU.    Bundy,    Bulletin  No.  1,  m.  Mus.  Nat.  Hist,  1876. 

Boetrum  wide,  quadrangular,  slightly  concave  above,  teeth  prominent,  mar- 
gins nearly  parallel,  acumen  short  and  flat;  cephalothorax  slightly  depressed, 
punctate  above,  granulate  on  sides;  lateral  teeth  acute;  areola  narrow,  widest 
behind;  antennal  plates  slightly  longer  than  rostrum;  antennas  slender,  reaching 
to  base  of  telson;  epistoma  transverse;  third  maxillii>edes  bearded  on  inner  and 
lower  aspects;  chelas  with  two  rows  of  teeth  on  interior  margin;  flngers  tuber- 
culate  on  contiguous  margins,  outer  one  hairy  at  base,  both  costate  and  punctate 
above;  third  joint  of  third  thoracic  legs  of  male  hooked;  first  abdominal  legs  of 
male  long,  bifid,  nearly  straight,  outer  ramus  longer,  recurved;  inner  ramus 
more  abruptly  recurved  near  apex,  not  enlarged  near  apex  as  in  the  preceding 
gpecies;  tubercles  on  basal  angle  inconspicuous. 

Lronton,  in  company  with  G.  propinquus.  A  single  individual  found  at  Sauk 
City. 

C.  gmcais.    Bundy,    Bulletin  No.  1,  HI.  Mus.  Nat.  Hist.,  1876. 

Rostrum  short,  wide,  depressed,  toothless,  concave  above,  nearly  right-angled 
in  front;  cephalothorax  laterally  compressed,  smooth  above,  granulated  on  sides; 
areola  none,  cephalic  carinas  prominent,  ending  posteriorly  in  callosities;  antennal 
laminsB  small  and  narrow;  eyes  small;  antennaa  slender  and  short;  epistoma 
rounded  in  front;  third  maxillipedes  hairy  on  interior  and  posterior  margins; 
chelsB  large,  smooth  below,  punctate  above,  strongly  toothed  on  inner  margins; 
fingers  slender,  gaping  at  base,  depressed,  contiguous  margins  irregularly  tuber- 
culate,  outer  one  incurved,  wide  at  base,  movable  one  longer;  carpus  with  one 
large  and  several  small  teeth  on  inner  margin;  brachium  with  two  rows  of  sharp 
teeth  on  inferior  margin;  third  joint  of  third  thoraic  legs  of  male  hooked;  first 
abdominal  legs  of  male  truncate,  with  several  small  apical  teeth,  of  which  the 
inner  one  is  longest,  slender,  and  directed  obliquely  outward;  bases  of  these  legs 
narrow  and  inserted  in  deep  sinuses  in  the  first  alxiominal  segment;  interpedal 
space  long,  narrow,  reaching  half  way  from  basal  tubercles  to  apex  of  legs. 

.Ventral  cumulus  of  female  movable,  small  and  round.  It  consists  of  two  half 
rings,  each  of  which  embraces  one  end  of  the  other.  Two  tubercles  on  the 
anterior  border  are  separated  by  a  slight  furrow  that  widens  behind,  covering 
the  posterior  portion.    The  posterior  border  is  notched. 

Low  prairies  in  the  neighborhood  of  Racine  (Dr.  P.  R.  Hoy).  Normal,  Dl. 
(Prof.  Forbes). 

C.  dbe9U8.  Hagen.  One  of  our  most  abundant  species,  frequenting  ponds 
and  meadow  ditches.  It  is  pre-eminently  our  burrowing  species.  The  preceding 
species,  according  to  Dr.  Hoy,  has  the  same  habit. 

C.  Bartonii,    Erickson,    Lake  Superior  (Hagen). 
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FAMILY  MYSmJB. 

Oentis  Mysis, 

Mysis  rdieta,    Loven,    An  inhabitant  of  the  deep  waters  of  the  QreaJb 
Not  found  in  the  interior  waters  of  the  state. 


ORDER  AMPHIPODA. 


FAMILY  ORCHESTID^.  Genus  OEt 

CHESTES. 

Orchestes  dentatus  fSmithJ,     Faxon. 
Abundant  everywhere. 

FAMILY   LYSlANASSIDiE.     Genus 

PONTOPOBEIA. 

Pontoporeia  Hoyi,  Smith,    Lake  Mich. 


P.  fllicomia.    Smith.    Lake  Mich. 

FAMILY   GAMMARIDJE.     Gbnus 
Gammabus. 

Qammarus  fasciatus.   Say,    Common 

everywhere. 
O.  limneus.    Smith,    Racine.    (Dr.  P. 

R.  Hoy.) 


ORDER  ISOPODA. 


FAMILY  ONISCID^.     Genus  Onis- 

C?U8. 

Oni8cu8   sp.     Common  s  o  w  b  u  g. 
Abimdant  everywhere. 

FAMILY  ASELLID^.    Genus  Asel- 

LUS. 

AaeUtis  intermediua,     Forbes,      Sauk 
City.    Abundant. 


FAMILY  PHYLLOPODA.  Genus  Eu- 

BRANCmPUS. 

Evbranchipus  Bundyi,  Forbes,  Ponds 
in  Jefferson  county. 

FAMILY  ESTHERIADJS. 

Limnetis   sp.    Occasionally  met  with 
in  ponds.    Not  common. 


ORDER  CLADOCERA. 


FAMILY  SIDID^.    Genus  Sida. 

Sida  cryatallina,     Midler,     Common. 
Madison.    (Prof.  Birge.) 

FAMILY   DAPHNID.^    Genus 

MOINA. 

Moina  brachiata,     Jurine,     Madison. 
(Birge.) 

Genus  Ceriodaphnia. 

Ceriodaphnia  dentata,    Birge,    Madi- 
son.    (Birge.) 
C.  consors,    Birge.    Madison.     (Birge.) 

Genus  Simocephalus. 

Simocephalus  Amerieanus,  Birge.  Com- 
mon. 
S.  vettdus.    Midler.    Common. 

Genus  Scapholeberis. 

Scapholeberis  mucronata.    Midler, 
S.  nasuta,     Birge, 


Genus  Daphnia. 

Daphnia  pulex.    De  Oeer,    var,    den- 
ticulata.    Birge.  Madison.  (Birge.) 

Genus  Macrothrix. 

Macrothrix  rosea,    Jurine,    Madison. 
(Birge.) 

Genus  Bosmina. 

Bosmina  longiroatris.    Midler,    Madi- 
son.    (Birge.) 

FAMILY  LYNCEID^. 

Genus  Eurycercus. 

Eurycercua  lamellatus.    Midler.    Com- 
mon. 


Genus  Pleuroxus 

Pleuroxus  procurvus.     Birge, 
son.     (Birge.) 


Madi- 
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P.  dentictUatus,       Birge,      Madison. 

(Birge.) 
P.  unidena,  Birge.    Madison.  (Birge). 

Genus  Chydorus. 

Chydorua  sphcericus,     MQUer,    Madi- 
son.   (Birge.)    Sauk  City. 
Ch,  globo8U8,  Baird,  Madison.  (Birge). 

Genus  Crepidooercus.  Birge. 

Crepidocercfus  setiger.  Birge.  Madison. 

Genus  Graftolebbris. 

CfrapMeberia  inermis,    Birge.    Madi- 
son. 


Genus  Alona. 


AJona  parreetfL    Birge.    Madison. 
A.     apinifera.     Sehddler.      Madison. 

(Birge.) 
A.  dblonga.  MQller.  Madison.  (Birge.) 

Genus  Aoroferttb. 

Acroperus     leuoocephalus.     Sehddler, 
Madison.    (Birge.) 

Genus  Camftooerodb. 

Camptocereua      macrurua.       MMer* 
Madison.    (Birge.) 


ORDER  COPEPODA. 

FAMILY  C ALANID^.    Genub  Diaptomub. 
Diaptomus  aanguineua.    Forbes.    SaukCSty.    Not  common. 


n. 
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CHAPTER  VIII. 

I.    A  CATALOGUE  OF  WISCONSIN  LEPIDOPTERA 

By  p.  R.  Hot. 

Inaects,  in  a  restricted  sense,  are  six-footed  articulates.  Wisconsin  is  rich  in 
insect  life,  among  which  are  many  southern  forms.  The  presence  of  these 
southern  insects  may  be  satisfactorily  accounted  for,  in  part,  by  the  warmer 
Bunmiers  that  occur  west  of  the  Great  Lakes  than  are  experienced  in  the  same 
latitude  east  of  these  great  bodies  of  water  —  a  curving  north  of  the  summer 
isotherm.  "  Though  small  in  size,  insects  are  great  by  their  inanite  variety  of 
form,  prodigious  numbers,  wonderful  organization,  and  astonishing  metamor- 
phoses." You  will  find  the  following  catalogue  of  Wisconsin  insects  sadly 
deficient,  yet  when  you  reflect  that  nearly  all  of  the  following  Lepidoptera  were 
taken  in  the  inmiediate  vicinity  of  Racine,  you  will  be  surprised,  rather  than 
disappointed. 

LEPIDOPTERA. 

CButterfliea,  Sphinxes,  Motha,  etc) 

To  the  order  Lepidoptera  belong  those  four-winged  insects,  the  wings  of  which 
are  broad,  regularly  veined,  and  covered  with  minute  scales.  The  jaws  are  pro- 
longed into  a  tube,  called  the  tongue.  Their  transformation  is  complete.  In  the 
lartxil  (caterpillar)  stage,  they  are  furnished  with  stout  jaws  for  clipping  the 
various  vegetable  substances  on  which  they  feed.  In  this  stage  many  of  them 
inflict  heavy  damage  on  various  cultivated  plants.  In  the  second  stage  —  that 
of  chrysalidoe  or  pupce  —  they  eat  nothing,  and  can  scarcely  move  at  all.  At 
the  close  of  the  pupa  stage,  the  perfect  insect  emerges,  clothed  in  beauty,  to 
spend  a  short,  joyous  existence,  fitted  only  to  sip  the  sweets  of  nature.  In  this 
last  stage,  Lepidoptera  are  rather  beneficial  than  injurious,  for  the  fertilizing  of 
many  fiowers  depends,  partially  or  wholly,  on  the  good  work  of  these  summer 

flower  inspectors. 

Diurnal  Lepidoptera.    Butterflies. 

Butterflies  may  be  readily  known  by  their  antennsB,  which  terminate  in  a 
knob,  and  are  never  either  hair-like  or  pectinate.  They  are  universally  abroad 
during  the  bright  sunlight,  never  moving  at  twilight.  Butterflies  charm  us  by 
their  gay  colors  and  graceful  movements,  thus  adding  beauty  and  interest  to  our 
summer  season. 

I  follow  Edwards  in  the  following  catalogue; 

Family  PAPHJONnf-ffl.  P.  Tumus,  Linn.    Abundant. 

-..  var. 

P.  Glaucus,  Linn.    This  black  variety 

•>ilio  Ajax,  Linn.     Common.  of  the  female  is  rare  here. 

var.  Marcellus,  Boisd.  &  Le  C.  P.  Cresphontes,  Cramer.    Occasionally 

iScoiilenor,  Linn.    Not  uncommon.  met  as  far  north  as  Lake  Winne- 

S\  T^'erias,  Fab,    Common.  bago.    The  food  plant  here  is  the 

,ilus,  Linn.    Not  rare.  prickly  ash. 
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PlERINJB. 

PiERis.    Schrarik, 

Pieris  Protodice,  Boisd.  &  Le  C.  Com- 
mon. 

P.  oleracea,  Harris.  Abmidant, — 
fonnd  but  little  south  of  Racine. 
Food  plant  mustard  mostly. 

P.  rapsB,  Linn.  This  European  cab- 
bage pest  came  to  Wisconsin  May, 
1879.    Common. 

NATHAUS.     Boisd. 

Nathalis  lole,  Boisd.  In  Grant  county 
numerous. 

OALUDRYAS.     Boisd, 

Callidryas  Eubule,  Linn.  Some  seasons 
quite  common.  I  have  taken  at 
least  50  specimens  at  Racine. 

OOLiAS.    Fab, 

Colias  CsBSonia,  Stoll.    Abundant. 

C.  Eurytheme,  Boisd.     Numerous. 

White  individuals  of  this  species 

are  not  rare. 
C  Philodice,  Qodt    Common. 

TERIAS.    Swains, 

Tarlas  Nicippe,  Cramer.     Accidental 

I  have  taken  but  two  specimens. 
T.  Lisa,  Boisd.    Common. 

Danain^ 

DANAis.    Latr, 

Danaifl  Archippus,  Fab.    Everywhere. 

Nymphalin^ 

AEOYNNIS.     Fab, 

Aigynnis  Cybele,  Godt.    Common. 
A.  Aphrodite,  Fab.    Abundant. 
A.  Idalia,  Dniry.  Common  on  prairies. 
A.  Alcestis,  Edwards.    Rather  rare. 
A.  Atlantis,  Edwards.     Rare. 
A.  Myrina,  Cramer.    Common. 
A.  Bellona,   Fab.      One  of   the   most 
abundant  species. 

KUPTOIETA.      Doub, 

Euptoieta  Claudia,  Cramer.    Common. 
MELIT.£A.     Fab, 

MelitsBa  Phaeton,  Drury.    Rather  rare. 


FHTdODBS.     Doub, 

Phyciodes  Harrisii,  Scud.  Not  com- 
mon. 

P.  Nycteis,  Doub.    Common. 

P.  Carlota,  Reak.    Not  common. 

P.  Tharos,  Drury.  Abxmdant  every- 
where. 

ORAFTA.    Kirby. 

Grapta  Interrogationis,  Fab.   Common. 
G.  Comma,  Harris.    Not  common. 
G.  Progne,  Cramer.    Abundant. 
G.'  j-album,  Boisd.    Common. 

VANESSA.    Fab, 

Vanessa  AntioiMt,  Linn.     Abundant, 
Common  to  Europe  and  America. 
V.  Milberti,  Gknit.    Not  rare. 

FYRAMEIS.     Doub, 

Pyrameis  Atalanta,  Linn.    Common. 
P.  Huntera,  Drury.    Abundant. 
P.  Cardui,  Linn.    Not  rare. 

JUNONIA.    Doub, 

Junonia  Lavinia,  Cramer.  Not  rare. 
A  beautiful  species. 

LIMENITIS. 

Limenitis  Ursula,  Fab.    Common. 
L.  Proserpina,  Edwards.    Rare. 
L.  Arthemis,  Drury.    Rather  rare. 
L.  Disipus,  Godt.    Conmion. 

APATURA,     Fab, 

Apatura  Celtis,  Boisd.      Thirty  years 

since  found. 
A.  Clyton,  Boisd.    Rather  rare. 

PAPHLAu     West, 

Paphia  Andria,  Scud.  I  have  taken 
these  specimens  at  Racine,  1855, — 
accidentaL 

Satyrin^. 

NEONYMPHA.      West, 

Neonympha  Eurytris,  Fab.    Conmion. 
N.  Canthus,  Linn.    Not  rare. 

DEBis.     West, 

Debis  Portlandia,  Fab.     Rather  com- 
mon. 
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BATYRUS.      West. 

Satyrus  Nephele,  Kirby.  Common  on 
prairies. 

lABYTBEISM, 
UBYTHEA.     Fab, 

Libjthea  Bachmanni,  Kirt.  Once  com- 
mon.   Now  rather  rare. 

EBTCININ.A. 

CHABis.    West. 

Choris  Borealis,  Gr.  &  Rob.  Racine 
and  Waukeeha. 

IjYCASNIDAL 

THEOLA.     Fab. 

Thecla  Melimu,  Hdbn.    Common. 
T.  CalanuB,  Hdbn.    Not  rare. 
T.  Edwardsii,  Saund.    Conmion. 
T.  Acadica,  Edwards.    Common. 
T.  Iras,  Godt.    Rare. 
T.  Titus,  Fab.    Common. 

ItYCJBSINM, 
CHBYSOPHANUS.     Doub. 

Chyrsophanus  Thoe.    Boisd.  AheC. 

Common  and  variable. 
C.  Americanus,   D'Urban.      Common. 

LTOSNA.     Fab. 

Lycsena  Scudderii,  Edwards.   Not  rare. 

L.  Pseudargiolus,  Boisd.  &  Le  C.  Com- 
mon. 

L.  var.  Yiolaoea,  Edwards.    Not  rare. 

L.  Neglecta,  Eklwards.  Abxmdant,  var- 
iable. 

L.  Lucia,  Kirby.    Not  rare. 

L.  Comyntas,  Gkxit.    Rather  rare. 

Hespertp^    Leder. 

ANOTLOXYFHA. 

Ancyloxypha  Numitor,  Fab.  Numer- 
ous in  swamps. 

;  THTHELICUS.     SpeycT, 

Thymelicus  Garita,  Reak.  Common 
on  prairies. 


PAMPHILA.     Fab, 

Pamphila  Massasoit,  Scud.    Common. 

P.  Zabulon,  Boisd.  &  Le  C.    Abundant 

P.  Sassacus,  Scud.    Not  rare. 

P.  Metea,  Scud.    Common. 

P.  Seminole,  Scud.    Not  rare  at  Racine. 

P.  Uncas,  Edwards.  At  Racine.    (Prof. 

Peabody.) 
P.  Brettus,  Boisd.  &  Le  C.    Rare. 
P.  Pontiac,  Edwards.     Common  in  a 

few  localities. 
P.  Otho,  Sm.  &  Abb.    Rare. 
P.  var.    Egeremet,    Scud.      Common 

form  here. 
p.  Peckius,  Kirb.    The  most  abundant 

species. 
P.  Mystic,  Edwards.    Common. 
P.  Cemes,  Boisd.  &  Le  C.    Abxmdant. 
P.  Metacomet,  Harr.    Common. 
P.  Viator,  Edwards.     Abundant. 
P.  Vitellius,   Smith  &  Abbott    Rare. 

Have  taken  but  tturee. 
P.  Osyka,  Edwarda    Rare. 
P.  Hiaanna,  Scud.    Common. 

AMBLYScmTES.    Speyer. 
Amblyscirtes  Sarnoset,  Scud.    Numer- 


ous. 


PYRGXJS.     West 


Pyrgus  TesseUata,  Scud.    Some  years 
abundant. 

THANAOS.      Boisd. 

Thanaos  Icelus,  Lint    Not  rare. 
T.  Persius,  Scud.    Common. 
T.  Martialis,  Scud.    Common. 
T.  Juvenalis,  Fab.    Not  rare. 

PHOUSOBA.    Speyer. 
Pholisora  Catalus,  Cramer.    Common. 

EUDAMUS.    Sicains, 

Eudamus  Py lades,  Scud.    Common. 
E.  Bathyllus,  Sm.  &  Abb.    Abundant 
E.  Lyciades,  Sm.  &  Abb.     Not  rare. 
E.  Tityrus,  Fab.     Common. 

I  have  all  of  the  above  butterflies, 
taken  within  ten  miles  of  Racine. 
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SPHiNaiD^.    Humming-bird  Moths, 

This  section  includes  many  large  insects.  They  are  stout  in  body  and  wing; 
tongue  long,  so  that  these  insects  can  balance  the  body  on  wing,  while  the  long 
tongues  are  rifling  the  flowers  of  their  sweet  nectar.  In  these  acts  the  motions 
resemble  the  humming-bird^s.  They  are  nearly  all  crepuscular,  that  is,  they  fly 
during  twilight.  The  larraB  are  large,  generally  have  sixteen  feet,  and  are  mostly 
ornamented  with  a  conspicuous  caudal  horn,  or  an  eye-like  spot  instead.  These 
large  worms  do  considerable  damage.    All  are  decidedly  noxious. 

The  following  have  been  taken  in  Wisconsin,  nearly  all  at  Racine: 


Macboolossin^l 

SBSiA.    Fab. 

Sesia  diffinis,  Harris. 

S.  tenuris,  Grote. 

S.  marginalis,  Grote. 

S.  gracilis,  Gr.  &  Rob. 

S.  imiformis,  Gr.  &  Rob. 

S.  Thysbe,  Fab. 

S.  cameicorta,  Strecher. 

HACBOOLOSSA.      Ochs, 

Macroglossa  baltaeta,  Kirt.  Rather  rare. 

THYREUS.    8wa%n8, 

Thyreus  Abbottii,  Swains.    Not  rare. 
T.  Nessus,  Cramer.    Not  common. 

DEILEPHILA.      Ochs, 

Deilephila  lineata,  Harr.    Common. 
D.  Chamsdnerii,  Harr.    Not  rare. 

PHiLAMPELUS.    Harr. 

Philampelus  satellitia,  Harr.    (Daphne 

pondorus,  H&bn.) 
P.  achemon  (Drury),  Harr. 

ABOEUS.    HvJbn, 

Argeus  labruscsB  (Linn),  Hdbn.  Speci- 
mens of  this  rare  sphinx  have  been 
taken  as  far  north  as  Green  Bay. 

METOFSILUS.    Duncati, 
Metopsilus  tersa,  Linn. 

DRAFSA.     Walk. 

Drapsa  chcerilus  (Cramer),  Walk. 
D.  Myron  (Cramer),  Walk, 

PONIAS.    Habn. 

Ponias  excaBcatus  (Sm.  &  Abb.),  Htibn. 
P.  Myops,  Htibn. 
P.  astylus,  Drury. 


SMEBINTHUB.     LatV. 

Smerinthus  geminatus,  Say. 

LOATHCB.     Fab. 
Loathod  modesta,  Harr. 

CBESSONIA.     Gr.  <fe  Rob, 

Cressonia  juglandis  (Sm.  &  Abb.),  Gr. 
&Rob. 

MANDUCiB. 

CEBATOMiA.    Harr. 
Ceratomia  quadricomis,  Harr. 

DAREMMA.     Walk. 

Daremma  undulosa,  Walk. 

DiLUDiA.    Gr.  <fe  Rob. 

Diludia  jasminearum  (Boisd.),  Gr.   & 
Rob. 

MACROSILA.     Walk. 

Macrosila  Carolina  (Linn),  Clemens. 
M.  quinquemaculata,  Steph. 
M.  Cingulata  (Fab.),  Clemens. 

SPHINX.    Linn. 

Sphinx  drupiferarum,  Sm.  &  Abb. 

S.  kalmise,  Sm.  &  Abb. 

S.  cinerea  Harr.  (Lethiacher8i8,Htibn.) 

S  gordius,  Cramer. 

S.  luscitiosa,  Clemens. 

AGRius.    HUbn. 
Agrius  eremitus,  Htibn. 

DOBLA.     Walk. 
Dobla  hylseus  (Drury),  Walk. 

DiLOPHONOTA.    Brum. 
Dilophonota  ello  (Linn),  Bnun. 

HYLOicus.    Hubn. 
Hyloicus  plebia  (Fab.),  Grote. 
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ELLEMA.    Clemens. 
Ellema  Harrisii,  Clemens. 

JEavsJDM.    Harr, 

JEOERIA. 

.Nigeria  caudata.  Hair. 

A.  tipuliformis,  Liim.    Currant  borer. 

Zygjcnidje. 

Sub-Family  Hesferi-Sfhinoes.    Latr, 

ALYFIA.    Kirby, 
Alypia  MacCullochii,  Kirbj. 
A.  octomacalata,  Hfibn« 


EUDRYAS.     £R^^n. 

Eudryas  nnio,  Boisd. 
E.  grata,  Harris. 

Sub-Family  Olauoofes.    Walk, 

SCEPSIS.     Walk, 

Scepsis  fulvicollis,  Httbn. 
Ctenucha  Virginica,  Carp. 
Acoloithus  falsarius,  Clemens. 
Harrisina  Americana,  Pack.   ^ 
Pyromorpha  dimidiata,  Herr.  Schsaff . 
Ljcomorpha  polus,  Harris. 


BOMBYdDiB. 

The  BombycidsB  include  some  of  the  largest  and  most  exquisitely  beautiful 
moths  known.  They  can  generally  be  known  by  the  small  sunken  head,  large 
stout  bodies,  short  tongue,  and  pectinate  antennsd.  This  order  furnishes,  in  the 
larval  state,  several  insects  most  destructiye  to  our  cultivated  plants.  The 
larvsB  are  thick  and  usually  densely  covered  with  hairs.  They  spin  a  silken  co- 
coon, which,  in  some  species,  is  of  great  economical  value  for  the  manufacture 
of  silk  goods. 


Sub-Family  LiTHOSiN.fi.    Steph, 

HYPOFBEPIA      HUbn, 
Hypoprepia  f ucosa,  Hdbn. 

CLEMENSIA.     POCk, 

Clemensia  albata.  Pack. 

EUPHANESSA.      Pack, 

Euphanessa  mendica,  Walk. 

CROCATA.    Hubn, 

Crocata  f  erruginosa,  Walk. 
C.  brevicomis,  Walk. 
C.  inmiaculata,  Reak. 

UTETHEISA,    Hubn, 

Utetheisa  (Deiopeia)  bella,  Linn.    One 
of  the  most  beautiful  of  insects. 

CALUMORHPA.     Latr, 

Callimorpha  i  n  t  e  r  r  u  p  t  o-marginata, 

DeB. 
C.  LeContei,  Boisd. 
C.  fulvicosta,  Clem. 

EUPREPIA.    Oerm, 
Euprepia  Americana,  Harris. 

ARCTiA.    Schk, 

Arctia  Virgo,  Harr. 
A.  phalerata,  Harr. 


A.  Anna,  Grote. 

A.  virguncula,  Harr. 

A.  Arge,  Harr. 

A.  Melsheimeri,  Grote. 

A.  Michabo,  Grote. 

PYRRHARCTIA.      Pttck, 

Pyrrharctia  Isabella,  Smith. 

PHRAOMATOBIA.     Steph, 

Phragmatobia  rubricosa,  Saund. 

SPiLOSOMA.    StepJu 

Spilosoma  Virginica,  Walk. 
S.  Acrea,  Dniry. 

HYPHANTRiA.    Harris, 

Hyphantna  punctata.  Fitch. 
H.  cunea.  Fitch. 

ESPANTHERIA.    Harris, 
Espantheria  scribonia,  HCibn. 

HALSIDOTA.    Hubn, 

Halsidota  tesselaris.    Hubn, 

H.  carysB,  Harris. 

H.  maculata,  Clemens. 

EUCH^TTES.    Hubn, 

Euchsetes  elgc,  Harris. 
K  Oregonensis. 
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Sub-Family  DASTCHOLa.    Hlttm. 

OBOYiA.    Oschen* 
Orgyia  leucostigma,  Harris. 

eu6lba.    H4bH^ 
£uGlea  peanulata,  Clemeiuk 

HYaBANTHCEA.      Ovcn. 

Hygranthoea  adf era,  GueiL 

GALLOCHLOBA.     POCk. 

Gallochlora  Yemata,  Pack. 

PHBTGANIDIA.     POck, 

Ffaiyganidia  Calif  omioa,  Pack. 

THTBIDOPTERYX.     Stcph, 

Tliyridapteryx  ephexnsBrif ormis,  Steph. 

FEBOPHOBA.    Harris. 
Pttophora  Melsheimerii,  Harris. 

lOHTHYUBA.     HiUbn, 

lohthyura  (doetera)  inclusa,  HtlbzL 
I.  (o.)  albosigma,  Fitch. 

APATELODES.     POck, 

Apatelodes  torref acta,  Smith. 

DATANA.     Walk, 

Datana  hitegerrima,  Gr.  &  Bob. 
D.  ministra,  Drury. 
D.  angusa,  Sm.  &  Abb. 
D.  contracta,  Walk. 
D.  perefpicia,  Gr.  &  Bob. 

aLUPmsiA.    HUbn, 

Gluphisia    trilineata,    Pack.    Badne. 
Weeoott. 

NADATA.     Walk. 
Nadata  gibbosa,  Walk. 

NOTODONTA.    AacTietu 
Notodonta  stragula,  Grote. 

EDEMA.     Walk. 
Edema  albif ronB,  Walk. 

NEBIOE.     Walk. 

Nerioe  bidentata,  Walk.  Bacine.  Wes- 
oott 


DA8TL0FHIA.     POCk. 

Daqjlophia  angnlna.    Sm.  &  Abb. 

OCELODASTB.     Poek. 

Ccelodafi7Bimiconiis,Sm.  BaofaieyGeOb 

Thomas. 
a  bigattatuB,  Pack.    Badne^  Wescott 

HETEBOCAMPA.     Doub. 

Heterocampa  albicans,  Grote.    Hadnis 
Geo.  Thomas. 

CEBX7BA.    8chr, 
Cerara  borealis,  Harris. 

PLATYPTEBYX.      ZiCMpw 

Platypteryx  arcuata,  Walk. 

DBTOFTEBIS.     Orote. 

Dryopteris  rosea.    Grote. 

SvJthFamUy  Bombycidjb.    Wut. 
TELBA.    nnUbn. 
Telea  (Attacus)  Polyphemus,  Uim. 

8AMIA.    HOibn. 
Samia  (Attacus)  Cecropia,  lAnxL\ 

CALLASAMIA. 

Gallasamia  (Attacus)   Promethia, 
Drury.i 

TBOP^aiA.    HiUbn. 
TropsBa  (Attacus)  luna,  LiniL 

Sun-FamUyOsELKTOCAXPiLDM.  Harris. 
EAGLES.     HiOm. 

a 

Eades  imperiaiis,  Drury.    Bare. 

EUCHBONiA.    Packard. 
Euchronia  (Satumia)  Maia,  Drury. 

HYPEECHIBIA.     HiUbn. 

Hyperchiria  (Satumia)  lo,  Smith. 

ANisoTA.    nmbn. 

Anisota  (Dryocampa)  rubicunda,  HQbn. 

A.  (D.)  bicolor. 

A.  (D.)  senatoria,  Smith. 

A.  (D.)  bisecta,  Lint.    (Ms.)    Bare. 

A.  (D.)  stigma,  Smith. 


Tlieee  two  fpeciet  are  American  sllk-vorm  moths. 
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Sub-Family  Lachneides.    J7i2&n. 
OASTROPAOHA.    Oschen, 
Gflstropacha  Americana,  Harr 

TOLTFE.    Hubn. 
Tolype  valleda,  Hdbn. 


cusiocAMPA.    Curtis. 
Clisicx^ampa  Americana,  Harr.    Tent 

caterpillar. 
C.  sylvatica,  Harris.   Forest  tent  moth* 

cossxTa    Harr, 
Cossus  robinaB,  Peck. 
C.  populi,  Walk. 


Geohetridjeb. 

Body  long  and  slender;  thorax  narrow  and  weak,  never  tufted;  head  small  and 
free;  eyes  large;  antennas  mostly  pectinate,  sometimes  ciliate;  wings  large  in 
proportion  to  the  small  body;  legs  long.  The  larvae  are  loopers,  sometimes  called 
measuring  worms, —  hence  the  name  Oeometra,  An  extensive  and  interesting 
family  of  moths,  among  which  are  not  a  few  that  are  pernicious. 

I  follow  Packard's  monograph  of  the  geometridae,  published  in  Vol.  X  of  Hay- 
den's  geologiccd  report,  1876 — a  monument  to  the  author.  When  we  have  all 
insects  treated  and  illustrated  in  a  similar  style,  the  entomology  of  the  United 
States  will  stand  first  among  nations. 

The  following  species  have  all  been  taken  at  Racine: 


Sub-Family  Labentinjb.    JPiack. 

EUPiTHECiA.    Curtis* 

Ihipitheciaabsynthiata,  Unn. 
E.  miserulata,  Grote. 

PLEMTRIA.     Hittm. 

Fiemyra  fluviata,  Htibn. 
P.  multiferata,  Pack. 

THERA.    StepK 
Thera  contractata,  Pack. 

HYDRiOMENA.    Kirhy. 
Hydriomena  trif aciata,  Pack. 

PETROPHORA.      Htibn, 

Petrophora  truncata.  Pack. 
P.  hesiliata,  Pack. 
P.  cunigerata,  Pack. 
P.  diversUineata,  Hdbn. 

OCHYRIA.    HObru 

Ochyria  f errugaria,  HUbn. 
O.  lacteata,  Pack. 

RHEUMAPTERA.      HUbn. 

Bheumaptera  ruficillata,  Pack. 
B.  intermediata.  Pack. 
B.  lacrustrata,  Pack. 
R.  lugubrata.  Pack. 
R.  hastata,  Habn. 

ANTiCLEA.    StepK 

Anticlea  vasiliata,  Guen, 


PHIBALAPTERTZ.  '  StepK 

Phibalapteryx  latirupta,  Walk. 
P.  intestinata,  Guen. 

HTDRIA.     Httbn. 

Hydria  imdulata,  Htibn. 

TRiPHOSiA.    Steph, 

Triphoeia  dubitata,  Steph. 

LOBOPHORA.      Curt, 

Lobophora  Montanata,  Pack. 

ODBZIA.    BoiscL 
Odezia  albovittata,  Guen. 

HELIOMATA.      Pock, 

Heliomata  infulata,  Grote. 

HETROPHELPS.    Herr-SchcBj, 

Hetrophelpe  harveiata,  Pack. 
H.  triguttato,  Herr-Schaef. 

Sub-Family  Operophterinje.     Pack, 

OPEROPHTERA.      HObn, 

Operophtera  boreata,  Htibn. 

ASPILATES.     TYeits. 
Aspilatee  dissimilaria.    Guen. 

ZERENE.     TYeits 
Zerene  Catenaria,  Guen. 
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H^iMATOFSis.    Hiibn, 
Hadmatopsifl  grataria,  GueiL 

EUFmoNiA.    Pack, 
Eofidonia  notataria,  Pack. 

FiDONiA.    Treits, 
Fidonia  tmncataria,  Walker. 

EMATX7BOA.     Led. 

EmatoTga  Fazonii,  Pack. 

OABIFBTA.      Walk, 
Caripeta  divisaria,  Walk. 

LOZOORAMic^.    StepK 
Lozogiamma  defluata,  Walk. 

BUFTTOHIA.     POcik. 

Eufitchia  ribearia  (Fitch.),  Pack. 

THAMNONOMA.  Led. 

Thamnonoma  subcessaria,  Pack. 

F8AMMAT0DBS.      Oucn, 

PsammatodeB  eremiata,  GuezL 

6EMI0THISA.     HlUm. 

Semiothisa  granitata,  Pack. 
S.  eneotata,  Pack. 
S.  bisignata.  Pack. 
S.  ocellinata,  Pack. 

OORYCIA.    Dup. 

Corycia  vertaliata,  Guen. 
C.  semiclarata,  Walk. 

EUDEIUNIA.    Pack, 
Eudeilinia  herminiata,  Pack. 

DEiLDOA.    Habn, 
Deilinia  variolaria.    Pack. 

STEOAKIA.    Ouen, 
Stegania  pustularia,  Guen. 

Svb-Family  Acidalin^.    Steph, 

CALOTHYSANIS.     HUbn, 

Calothysanis  amaturaria.    Pack. 

ASTHENA.      Hubn, 

Asthena  albogilvaria.    Pack. 

ACiDALiA.    Treit*, 

Acidalia  ossulata,  Pack. 
A.  insulsaria,  Guen. 


A.  nivosara,  Guen. 
A.  inductata,  Guen. 
A.  quadrilineata,  Pack. 
A.  inucleata,  Guen. 

BPHYBA.    Duporu 
Ephyra  myrtaria,  Guen. 

SulhFamily  Geometbinjb.    Ouen 

NEMORIA.     HObn. 
Nemoria  pistaciata.    Guen.  ' 

6YNCHL0RA.     OuCfL 

Synchlora  rubivoraria.    Pack. 
S.  rubrifrontaria,  Pack. 

APLODBS.    Ouen. 

Aplodes  rubrifrontaria,  Pack. 
A.  mimosaria,  Guen. 

OEOMBTRA.    Linn, 
Geometra  iridaria,  Guen. 

Sub-Family  Boarhinace.    Ouen. 

PHiGALiA.    Dupon, 

Phigalia  strigataria,  Pack. 

HYBERMIA.     Latr, 

Hybemia  tiliaria,  Harr. 

AMPHiDASis.    Treit 

Amphidasis  guemaria,  Sm.  &  Abb. 
A.  cognataria,  Guen. 

PARAPHiA.    Ouen, 
Paraphia  deplanaria,  Guen. 

TEPHBOSIA.     Boisd, 

Tephrosia  cognataria,  Pack, 
r.  cribrataria,  Pack. 
T.  canadaria,  Guen. 

CYMATOPHORA.     Bubn, 

Cymatophora  plumosaria,  Pack. 
C.  pampinaria,  Pack. 
C.  Humaria,  Pack. 
C.  larvaria,  Guen. 
G.  umbrosaria,  HUbn. 

HEMEROPHHiA.     Steph, 
Hemeiophila  unitaria,  Herr-Schsef 
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OLBORA.     Chirt 
deovm  pulohraria,  Minot. 

BOBMIA.     Walk. 
Bormia  crepoBCularia,  Guen. 

Sub-Family  ENNOMiNiB.    Ouen. 

HYPERBns.    Ouen. 
H7X)6retis  nyssaria,  Guen. 

PL^QODia    Habn. 

Plagodis  phlogoearia,  Pack. 
P.  f ervidaria,  Herr-Sch»f. 
P.  Keutzingaria,  Grote. 

NEMATOCAMPA.     Quefk 

Nematocampa  fllamentaria,  Guen. 

Angebona.    Dupon. 
Angerona  crocataria,  Fab, 

giCTA.    Ouen. 
Sicya  maculAria,  Harr. 

AMTEPIONB.     Pack. 

Antepione  solphurata,  FiBok. 

ANAQOQA.     HUbn. 
Axiagoga  pulveraria,  HlUm. 

METBOOAMPA.     Lotr. 

MetroGampa  x>erlaria,  Guen. 


THERINA.     ESbn. 

Iherina  f eiridaria,  HObn. 

ENDBOPIA.    Ouen. 

Endropia  apiciraaia,  Pack. 
E.  h}rpoohraria,  Herr-SchsBfi 
K  marginata,  Pack. 
K  armataria,  Pack. 
E.  bilinearia,  Pack. 
K  efFectaria,  Walk. 
R  obtusaria,  Guen. 
E.  aerrataria,  Pack. 

AZELINA.     Chicn. 

Arifllina  Htkbnerata,  Guen. 

EUQONIA.     HUbi^ 

Eugonia  sabsignaria,  Pack. 
E.  alniaria,  Hfibn. 

OABERODES.      OuetU 

Gaberodes  cajezmaria,  Pack. 

MBTAKEMA.      Oucn, 

Metanema  inatomaria,  Guen. 
M.  quercivoraria,  Guen. 

TBTRACI8.      OueH. 

Tetrads  lorata,  Grote. 
TL  crocallata,  Guen. 

SUTRAFEZiA.     HUblL 

Eatrapela  transversata,  Pack. 
K  olematata. 
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n.  A  LIST  OF  THE  NOCTUID^  OF  WISCONSIN. 

Bt  P.  R.  Hot,  M.  D. 

The  moths  of  this  large  family  may  be  known  by  their  stout  bodies,  their 
rather  narrow  upper  wings  and  broad  secondaries.  The  palpi  are  well  devel- 
oped, the  antennas  simple,  rarely  slightly  pectinate.  They  all  fly  in  the  night, 
and  are  attracted  by  light.  Then:  love  of  sweets  enables  us  to  attract  them  to 
their  destruction.  The  larvsd  of  the  Noctuidee  are  smooth,  or  only  slightly 
hairy.  Many  are  very  injurious  to  trees  and  plants.  Several  species  of  army 
worms,  and  a  host  of  cut- worms  belong  to  this  section. 

The  moths  of  the  three  closely  allied  genera,  Agrotis,  Hadena,  and  Mamestra, 
are  especially  interesting  to  all,  in  consequence  of  their  depredations  on  culti- 
vated plants. 

In  order  to  enable  almost  anyone  to  know  these  moths,  I  append  Grote's  con- 
cise analysis  of  these  genera.  They  differ  as  follows:  ''Eyes  naked,  without 
■lashes;  thorax  without  divided  dorsal,  longitudinal,  or  posterior  scale  tufts;  ab- 
domen untufted;  middle  and  hind  tibias  always,  fore  tibia  sometimes,  with 
spines.    Agrotis. 

"  Eyes  naked,  without  lashes.  Thorax  with  divided  dorsal,  longitudinal,  and 
posterior  tufts;  abdomen  more  or  less  distinctly  tufted,  all  the  tibia  unarmed. 
Hadbna. 

"  Eyes  hairy;  thorax  with  dorsal  and  posterior  tufts;  abdomen  more  or  less 
distinctly  or  entirely  tufted.    All  the  tibia  unarmed.''    Mamestba. 


NOCTUO-BOMBYCINI.      Botsd, 

BOMBYCiA.    Hubru 
Bumbycia  caniplaga.    Walk. 

LEPTiNA.    Otien. 
Leptina  dormitans.    Guen. 

PSEUDOTHYATIRA.      OrotC 

Pseudothy ati ra    cy mato phoroides. 

Guen. 
P.  expultrix.    Grote. 

THYATIBA.      Ochs. 

Thyatira  pudens.    Grote. 

NocTUA.    Linn, 

RAPHIA.    Habn, 
Raphia  f rater.  Grote.  Racine,  Wescott. 

CHARADRIA.      Walk, 

Charadra  devidens.    Guen. 

UOMA.    Hubn, 

Moma   Orion.     Esper.     Racine,    Geo. 

Thomas. 
IL  falax.     Herr. 


ACRONYCTA.      Ochs, 

Acronycta  tritona.    Hubn. 

A.  occidentalis.    Gr.  &  Bob. 

A.  morula.    Gr.  &  Rob. 

A.  lobelise.    Guen. 

A.  lepusculina.    Guen. 

A.  inotata.    Guen. 

A.  Americana.    Harris. 

A.  euteicoma.    Gr.  &  Bob. 

A.  brumoso.    Guen. 

A.  superans.    Guen. 

A.  Clarescens.    Guen. 

A.  ovata.    Grote. 

A.  hamamelis.    Guen. 

A.  noctivega.    Grote. 

A.  dissecta.    Gr.  &  Rob. 

A.  oblinita.    Sm.  &  Abb. 

A.  Harveyana.    Grote. 

JASFIDEA.     H&hn, 

Jaspidca  lepidula.    Grote. 
J.  palliatricula.    Guen. 
J.  f  ragilis.    Guen. 
J.  diphteroides.    Guen. 
J.  lepidrela.    Grote. 

UTHOCODIA.     HUbn. 

Lithocodia  bellicula.    HQbn. 
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CBSXNA.     HUbn. 

Cerema  Cora.    Htibn. 

FOLTORAMMATR.      H€ibn, 

Polygrammate  hebraicum.    Hdlxi. 
AQRons.    Orote, 

Agrotis  sigmoides.    Guen. 

A.  triangulum.    Hub. 

A.  baja.    Sm.  &  Abb. 

A.  badiDoides.    Grote. 

A.  C-nigrum.    linn. 

A.  bicamea.    Gueiu 

A.  herilis.    Grote. 

A.  subgotbica.    Haw. 

A.  Bexatilis.    Grote. 

A.  plecta.    Linn. 

A.  vittif rons,  Grote. 

A.  decolor,  Morris. 

A.  Laurea,  Guen. 
A?  gladiora,  Morria 

A.  stigmata,  Harvey. 

A.  f  eonica,  Touscher. 

A.  pitychrouS)  Grote. 

A.  tesseliata,  Harris. 

A.  scandens,  RUey. 

A.  clandestina,  Harris. 

A.  brunneicollis,  Groteu 

A.  lubricans,  Guen. 

A.  altemata»  Grote. 

A.  ingeuiculata,  GrotOw 

A.  Cupid  a,  Grote. 

A.  nepeilis^  Grote. 

A.  Morrisonia,  Riley. 

A.  Chenopodii,  Morris. 

A.  saucia,  Hubn. 

A.  velleripennis,  Grote. 

A.  messoria,  Harris. 

A.  incivis,  Guen. 

A.  suffusa,  S.  &  V. 

A.  venerabilis,  Walk. 

A.  lubricans,  Guen. 

A.  normanius,  Guen. 

A.  ingeniculata.  Grote. 

A.  Cochrani,  Riley. 

A.  devartor,  Harris. 

ORAPiupiiORA.    Gtten, 

Graphipbora  iucerta,  Morrison, 
(r.  oviduca,  Morrison. 
G.  moilipia,  Morrison. 


EUROIS.    HiXbn. 

Eurois  occulta,  Htibn. 
E.  herbaoea,  Guen. 
E.  astricta,  Morris. 
E.  pressa,  Grote. 

MAMESTRA.      Ochen, 

Mamestra  parpurissata,  Grote. 

M.  latex,  Guen. 

M.  grandis,  Boisd. 

M.  Cbenopodii,  Sh.  V, 

M.  legitiraa,  Grote. 

M.  adjuncta,  Grote. 

M.  vicina,  Grote. 

M.  trifolia,  Grote. 

M.  detractai  Walk. 

M.  Atlantica,  Grote. 

M.  distincta,  Grote. 

M.  olivacea,  Morris. 

M.  dysodea,  Grote. 

M.  lorea,  Guen. 

M.  imbiferra,  Guen. 

M.  suffusca,  Morris. 

M.  obliquata,  Grote. 

M.  Rosea,  Grote. 

DIAKTHCECIA.      BoiscL 

Dianthoecia  meditata,  Grote. 
D.  modesta,  Morris. 

FOLIA.    Habn. 

Polia  leucoscelis,  Grote. 
P.  confragosa,  Grote. 
P.  atricoruis,  Grote. 

LAMPROSTICTA. 

Lamprosticta  Cora.    Htibn. 

HOMOHADENA.      Orote. 

Homohadena  badistriga,  Grote. 

CHYTONix.    Grote. 
Cbytonix  jaspis,  Guen. 

HADENA.    Schrank. 

Hadena  Bridghami,  Gr.  &  Rob. 

H.  arctica,  Boisd. 

H.  atriplices,  Guen.? 

H.  devastator,  Brace. 

H.  impulsa,  Guen. 

H.  adjuncta,  Boisd. 

H.  apamiformis,  Guen. 

H.  rurea,  Fab. 
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Hadena  sputator,  Giote. 
H.  lignicolor,  Guen. 
H.  verbascoides,  Guen. 
H.  sectillis,  Guen. 
H.  cariosa,  Guen. 
H.  maotata,  Guen. 
H.  modica,  Guen. 
H.  miselioides,  Guen. 
H.  fractilinea,  Grote. 
H.  vulgaris,  Grote. 
H.  suffusca,  Morris. 
H.  gemina,  Hdbn. 
H.  vulgaris,  Morris. 
H.  vultuosa,  Grote? 
H.  sera,  Guen. 
H.  grandls,  Grote. 
H.  miseloides,  Guen.  ? 
H.  ama,  Guen. 
H.  herbimaculata,  Guen. 

PERiOEA.    Chien. 

Perigea  fabrefactta,  Morrison. 
P.  xanthioides,  Guen. 

DiFTEBTaiA.    Steph. 

Dipterygia  pinastri,  Linn. 
D.  scrabensenta,  Linn. 

HYPPA.    Dup 

Hjppa  xylinoides,  Guen. 

ACTINOTIA.    HUbru 

Actinotia  ramosula,  Guen. 
A.  vomerina,  Grote. 

CALLOPISTRIA.      HUbfl, 

Callopistria  mollissima,  Guen. 

PRODENIA.     Ouen. 
Prodenia  flavimedia,  Harvey. 

EUPSEPHOP-fflCTES.    Orote, 

EupsephopaBCtes    procinetus,   Grote. 
Racine,  Wescott. 

PHLOGOPHORA.    Chuen, 
Phlogophora  periculosa,  Guen, 

EUPLEXiA.    steph, 
Euplexia  lucipara,  Linn. 

BROTODOMIA.      LcdCT. 

Brotolomia  iris,  Guen. 
Vol.  1—27 


NBPHELonss.    Oueik 
Nephelodes  violans,  Guen. 

HELOTBOPHA.     LedCT, 

Helotropha  renif  ormis,  Grote. 
H.  atrata,  Grote. 

HTDRCBOIA.      OuefL 

HydroBcia  nictitans,  Linn. 
H.  sera,  Gr.  &  Bob. 
H.  cognita,  Grote. 
H.  cognivaria,  Guen. 
H.  metilans,  Grote. 

QOBTTNA.     BabrU 

Gortyna  immaniB,  €hien. 

G.  limpida,  Guen. 

G.  rutila,  Guen. 

G.  nebris,  Guen. 

G.  nitela,  Guen. 

G.  cataphhracta,  Grote. 

G.  cerussata,  Grote. 

« 

TBICHOLATA.      Orote. 

Tricholata  8einiai)erta,  Grote. 

AOHATODBS.    Ouen. 
Achatodes  zesB,  Harris. 

PLATYSENTA,      Orote. 

Platysenta  atriciliata,  Grote. 

LEUCANIA.     HUbn, 

Leucania  Henrici,  Grote. 

L.  eranidum,  Grote. 

L.  adonia,  Grote. 

L.  pallens,  Linn. 

L.  Hai*veyi,  Grote. 

L.  rubripennis,  Gr.  &  Rob. 

L.  commoides,  Guen.  Racine,  Wescott. 

L.  unipuncta,  Harr. 

L.  pseudargyria,  Guen. 

LAPHYGMA.      Ouen, 

Laphygma   frugiperda.  Abb.    &    Sm. 

Autumn  army  worm. 
L.  var.  autumnalis,  Morris. 

CARADRIA.      Och, 

Caradria  fillicolaris,  Morris. 

PYROPHILA. 

Pyrophila  pyramidoides,  GKien. 
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TJENEIOCAMPA.      OucrU 

Taeneiocampa  oviduca,  GuezL 
T.  incerta,  HufneL 
T.  modifica,  Morris. 

ORTHODBS.    Ouen, 

Orthodes  infirma,  Gueiu 
O.  cynica,  Ouen. 

ANOMis.    HQbn. 
Anomis  erosa,  Htlbn. 

ALBTIA.     HubfL 
AletiaaigillaceayHIUm.  Cotton  worm. 

CALYHiOA.    Hubn. 
Calymnia  orina,  Guen. 

ETETHMIA.      HUbfl. 

Etethmia  pampina,  Guen. 

ORTHOSIA.    Osch, 

Orthosia  viatica,  Grote. 

O.  inulta,  Grote. 

O.  apiata,  Grote. 

O.  nelra,  Grote. 

O.  rufago,  Htibn. 

O.  ferruginoides,  Htibn. 

O.  togata,  Esp. 

O.  aurantiago,  Guen. 

O.  helva,  Grote. 

GLORIA.    Hubn, 

Gloria  viatica,  Grote. 

GL^A.    Hubn, 

Glffia  postilicans,  Morris. 
G.  inulta,  Grote. 
G.  venustula,  Grote. 

SCAPELOSOMA.      Curt 

Scapelosoma    grsBflana,    Gr.    Geo. 

Thomas. 
S.  ceromatica,  Grote.    Geo.   Thomas. 
S.  vinulenta,  Grote. 
S.  Morrisoni,  Grote. 
S.  Walkeri,  Grote. 
S.  sidus,  Guen. 
S.  tristigmata,  Grote. 

Xyunana. 

UTHOPHANE.      Hubn. 

Xylina  petulca,  Grote 
X  f errealis,  Grote. 


Xylina  siguosa,  Walk. 

X.  Bethunei,  Gr.  &  Rob. 

X.  semiusta.  Grote. 

X  f  agina,  Morris. 

X  disposita.  Morris. 

X  Thaxteri,  Morris. 

X  auriundum,  Grote. 

X.  cinera,  Riley. 

X  laticinerea,  Grote.    Doubtful  sp. 

X  tepida,  Grote.    Doubtful  sp. 

X.  querquera,  Grote, 

X  x>exata.  Grote. 

X  sculptus,  Grote. 

8C0LI0PTERYX.    Oem. 
Scoliopteryx  libatrix,  Linn. 

CALOCAMPA.    Steph, 

Calocampa  nupera,  Lint. 

C.  cineritea,  Grote. 

C.  curvimacula,  Morris. 

XYLOMIGES.    Ouen, 
Xylomiges  conf  usa,  Htibn. 

CUCULLIA.    Schrank 

Cucullia  convexipennis,  Gr.  &  Rob. 

C.  asteroides,  Guen. 

C.  postera,  Guen. 

C.  intermedia,  Speyer. 

CRAMBODES.      Oucn, 

Grambodes  talidiformis,  Guen. 

INGURA.     Ouen, 

Ingura     abrostoloides,     Guen.      Geo. 

Thomas. 
L  occullatrix,  Guen. 

TELESILLA.      Ochs, 

Telesilla  cinereola,  Guen. 

PLUSIA.    Fab, 

Plusia  serea,  Hubn. 
P.  balluca,  Geyer. 
P.  contexta,  Grote. 
P.  Putnami,  Grot^i 
P.  biloba,  Steph. 
P.  verruca,  Fab. 
P.  precationis,  Guen. 
P.  simplex,  Guen. 
P.  ou,  Guen. 
P.  gamma,  Linn. 
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Plusia  brassicaa,  Riley. 
P.  festuca,  Guen. 
P.  viridisigma,  Grote. 
P.  dyans,  Grote. 
P.  ozygramma,  Geyer, 
P.  mortuorum,  GueiL 
P.  8-scripta,  Sanborn. 
P.  ampla.  Walker. 
P.  U-aureum,  Boisd. 
P,  purpurigera,  Walker. 

PLUSIODONTA.     HObtU 

Plusibdonta  compressipalpis,  Guen. 

CALPE.     Treii. 
Calpe  canadencis,  Beth. 

3HLORIDEA.      West. 

Chloridea  subflexa,  Guen. 

ALARTA.     West 
Alaria  gauraa,  Sm.  &  Abb. 

BODOPHORA.    Ouen, 
Bodophora  florida,  Guen. 

LYGRANTHGECIA.      Or.  <Sb  Eob, 

Lygranthoecia  Spraguei,  Grote. 

MEUCLEPTRIA.     Hubn. 

Melicleptria,  Hoyi,  Grote. 

HEUOTms.    Hubn, 

Heliothis  phlogophagus,  Gr.  &  Rob. 
H.  armigera,  Htibn. 
H.  lucida,  Dome. 

FYRRHiA.    Hubn, 

Pyrrhia  exprimens,  Walker, 
P.  angulata,  Grote. 

TARACHB.    HUbn. 

Taracho  erafitrioides,  Guen. 
T.  candefacta,  Htibn. 
T.  binoculata,  Grote. 

GALOULA.    Ouen, 

Galgula  hepara,  Guen. 
G.  subpartita,  Guen. 

XANTHOPTERA.      Otien. 

Xanthoptera  nigrofimbria,  Guen. 


ERASTRIA.    Ouen, 

Erastria  albidula,  Guen. 
E.  cameola,  Guen. 
E.  synochitls,  Gr.  &  Rob. 
E.  nigritula,  Guen. 
£.  muscosula,  Guen. 

OHAMYRis.    Ouen* 
Chamyris  cerintha,  Fr. 

DRASTERIA.     HubfU 

Drasterea  erichtea,  Cramer. 
D.  media,  Sprague. 

EUCLmiA.    HUbn, 
Euclidia  caspidea,  Hdbn. 

PARALLKLIA.      Hutm, 

Parallelia  bistriaria,  Htibn. 

PHURY8.    Ouen, 
Phurys  vinculum,  Guen. 

CEUPTERA.    Chien, 
Celiptera  frustulum,  Guen. 

STICTOPTERA.      ChueTU 

Stictoptera  divaricata,  Grote. 

SYNEDA.    Otien, 

Syneda  limbolaris,  Geyer. 
S.  graphica,  Htibn. 
S.  Edwardsii,  Behr 

BOUKA.    Dup, 
Bolina  nigrescens.    Gr.  &  Rob. 

ALLOTRIA.    HQbn, 
Allotria  elonympha,  HUbn. 

HYPOCALA.    Ouen? 
Hypocala  Hilli,  Lint. 

PARTHENOS.     HUbn, 

Parthenos  nubllis,  Htibn. 

CATOCALA.    Schrankn 

Catocala  Epione,  Drury. 
C.  insolabilis,  Guen^ 
C.  residua,  Grote. 
C.  obscura,  Streck. 
C.  viduata,  Guen. 
C.  desperata,  Guen. 
C.  retecta,  Gr. 
C.  flebilis,  Gr. 
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Catocala  relicta,  Walk. 

C.  unijuga,  Walk. 

C.  Meskei,  Grote. 

C.  Briseis,  Ekiwards. 

C.  Faustina,  Streck. 

C.  parta,  Guen. 

C.  ooccinata,  Giote. 

C.  ultronia,  Hdbn. 

C.  concubens,  Walk. 

C.  amatrix,  Hdbn. 

C.  var.  nunis,  Walk. 

C.  cara,  Guen. 

C.  Ilia,  Cramer. 

C.  innubens,  Cramer. 

C.  var.  scintillans,  Gr.  &  Bob. 

C.  cerogama,  Guen. 

C.  neogama,  Guen. 

C.  Bubnata,  Grote. 

C.  piatriz,  Ghrote. 

C.  paloegama,  Guen. 

C.  var.  phalanga,  Grote. 

C.  habilis,  Grote. 

C.  consors,  Sm.  &  Abb. 

C.  abbreviatella,  Grote. 

C.  ponderosa,  Gr.  &  Rob. 

C.  muliercula,  Guen.    Frof.  Peabodj. 

C.  badia,  Gr.  &  Bob. 

C.  abrevitella,  Grote. 

C.  antinympha,  Hdbn. 

C.  Levettei,  Grote. 

C.  Whitneyi,  Grote. 

C.  Serena,  Edwards. 

C.  Clintoni,  Grote. 

C.  nuptialis,  Walk. 

C.  polygama,  Guen. 

C.  formula,  Gr.  &  Rob. 

C.  Grynea,  Cramer. 

C.  f  ratercula,  Gr.  &  Bob, 

C.  gracilis,  Edwards. 

C.  androphilia,  Guen. 

C.  lineella,  Grote. 

Forty-seven  species,  all  taken  within 
two  miles  of  Racine.  Is  there  another 
point  equally  rich  in  CatocdUuf 

PONOPODA.    Quen. 

Ponopoda  rufimargo,  Hdbn. 
P.  cameicosta,  Guen. 

REMiaiA.    Quen. 
Bemigia  latipee,  Guen. 


ANTIOABSIA.     HiJibn. 
Anticarsia  gemmatalis,  Hdbn. 

EREBUS.    Lair, 

R  rebus  odora,  Linn. 

E.  Zenobia,  Linn.  Male  and  female 
taken  at  Bacine,  Sept.  6th  and  15th, 
1871.  This  magnificent  insect  is  a 
native  of  Coeta  Bica,  and  this  is 
the  second  time  it  has  been  taken 
in  the  United  States  —  another  evi- 
dence of  the  southern  peculiarity 
of  the  insect-fauna  of  Wisconsin. 

HOUOFTERA.     Boisd. 

Homoptera  lunifera,  Hdbn. 

H.  lunata,  Dewey. 

H.  Saundersii,  Beth. 

H.  Edusa,  Drury.    These  three  specieB 

are  probably  one. 
H«  calycanthata,  Abb.  &  Sm. 
H.  obliqua,  Guen. 
H.  involuta,  Walk. 
H.  unilinea,  Grote. 
H.  Woodii,  Grote. 

YFSiA.    Quen. 

Ypsia  aeruginosa,  Guen. 
Y.  undularis,  Drury. 
Y.  coracias.    Guen. 

ZALB.    Hilbru  ' 

Zale  horrida,  Hdbn. 

PSEUDAGLOSSA.      QrotC, 

Pseudaglossa  lubricalis,  Geyer.  Wea- 
cott. 

EFiZEUXis.   Hubn. 

Epizeuxis  Americalis,  Guen. 
E.  aemulalis,  Hdbn. 

MEGACHTTA.      QrotC 

Megachyta  deceptricalis,  Zeller. 

LrroQNATHA.    Qrote. 

Litognatha  nubilifacia,  Grote. 
L  lithophora,  Guen. 

CHYTOLITA.    Qrote, 
Chytolita  morbidalis,  Guen. 

ZANCLOONATHA.     LecL 

Zandognatha  IsBvigata,  Grote. 
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PHILOMBTBA.      Ovote. 

Philometra  serraticomifl,  Grote. 
P.  longilabris,  Grote. 

FHAUENOPHANA. 

PhalflBnophana  rurigena^  Grote 
P.  umbrifacia,  Grote. 

BENiA.    Oueiu 

Benia  discoloralis,  Guen. 
B.  Belfragei,  Grote^ 

BLEPTINA.    Ouen 
Bleptina  caradrinalis,  Guen 

BiYULA.    Ouetu 
Rivnla  propinqualis,  Guen. 


BOMOLOCHA.     Hlffm, 

fiombolochia  scutellaris,  Grote. 

B.  Baltimoralifl,  Gnen. 

B.  abalinealis,  Walk. 

B.  deceptalis,  Walk. 

B.  profecta,  Grote. 

B.  lactulus?  Grote. 

B.  perangulata»  Harvey; 

HYPENA.    Schrank. 

Hypena  evanidaliB,  Bobinsoiu 
H.  hamuli,  EEarris. 
H.  citata,  Grote. 
H.  scabra,  Feb. 

MORSisoNiA.    Orote. 
Morrisonia  vomerina,  Grote. 


The  Pyralidsd,  Tortridds  and  the  TeneidsB,  found  in  Wisconsin,  are  in  such  a 
state  that  it  was  thought  best  not  to  catalogue  these  familiefl  of  small  moths  at 
this  time. 


CHAPTER  IX 

CATALOGUE    OF   THE  COLD-BLOODED  VERTEBRATES 

OF  WISCONSIN. 

Bt  P.  R.  Hot,  M.  D. 

In  presenting  the  following  catalogues  of  the  cold-blooded  vertebrates  of  Wis- 
consin,—  Reptiles,  Amphibians  and  Fishes  —  I  have  followed  nearly  the  classi* 
fication  adopted  by  Jordan  in  his  recently-published  ''Manual  of  the  Verte- 
brates of  the  Northern  States."  I  do  this  because  of  the  excellence  of  the  work, 
which  I  believe  will  eventually  occupy  the  place  in  zoology  which  *'  Gray's 
Manual "  holds  in  botany.  Where  there  is  no  name  affixed  as  authority  for  a 
species  occurring  within  the  state,  Hoy  is  to  be  understood. 

I.  REPTILES. 

Reptiles  are  cold-blooded,  air-breathing  vertebrates,  having  an  imperfect 
double  circulation, —  a  three-chambered  heart.  All  reptiles  are  covered  either 
with  scales  or  plates;  lungs  large;  eyes  protected  by  lids;  eggs  large,  covered 
with  calcareous  or  leathery  shells,  numerous,  and  deposited  at  one  time.  The 
young  are  never  produced  in  water,  and  undergo  no  metamorphosis. 

Reptiles  are  mostly  inhabitants  of  hot  countries,  and  are  related  to  birds,  some- 
times being  classed  with  them  under  the  group  Sauropaida, 

TESTUDINATA.     Turtles. 

These  animals  are  covered  with  a  natural  armor,  which  mav  be  considered  as 
a  portion  of  the  osseous  frame- work  thrown  outside  of  the  body  so  as  to  consti- 
tute a  kind  of  box,  enclosing  and  protecting  the  muscles  and  viscera.  This  box 
is  composed  of  two  parts,  covered  with  plates  or  leathery  shields. 

CISTUDO.    Fleming. 
Cistvdo  omata  (Agassiz).    Northern  Box  Turtle.    Grant  county;  rare. 

EMYa    Brogniart. 
Emys  mekagria  (Ag.).    Blanding's  Tortoise.    Abundant  on  prairies. 

CHRTSEMTS.    Gray, 

Chryaemys  marginata  (Ag.).    Western  Painted  Turtle.    Abundant  everywhere. 
Probably  this  is  a  western  form  of  C.  picta  of  the  eastern  states. 

ifALACOCLEMMTS.    Gray. 

Malacodemmys  geographicus  (Le  Sueur).    Moss  Turtle.    Grant  county;  rare, 

M,  paetuiogeographicus  (Holbrook).     Le  Sueur's  Moss  Turtle.     Grant  county; 

not  rare. 

AROMOCHELYS.    Gray. 

Aromochdys  odaratus  (Latreille).    Musk  Turtle.    Grant  county;  rare. 
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CHELYDRA.     SchweiggBT. 

Chdydra  serpentina  (LiimaBus).  Common  Snapping  Turtle.  Abundant  every- 
where. 

HACROCHELYB.    Gray. 

Macrochelys  lacertina  (Schw.),    Loggerhead  Snapper.    This  ferocious  turtle  is 

occasionally  found  in  the  Mississippi  river  as  far  north  as  the  mouth  of  the 

Wisconsiii. 

ASPIDONECTBS.    Wagler. 

Aspidonectes  spinifer  (Le  Sueur).    CJommon  Soft-shelled  Turtle.    Western  part 

of  the  state;  not  rare. 

AHYDA.    Agassiz. 

Amyda  mutica  (Le  S.).  Leathery  Turtle.  AU  the  tributaries  of  the  Mississippi 
river  within  the  state;  common. 

LACERTILLA    Lizards. 

Body  usually  covered  with  overlapping  scales;  mouth  not  dilatable;  jaws  al- 
ways with  teeth;  feet  usually  with  five  digits;  tail  long,  and  readily  broken  by  a 
slight  blow;  vent,  a  cross  slit.  The  great  majority  of  lizards  belong  to  tropical 
or  sub-tropical  countries.    Lizards  watch  over  their  eggs  until  hatched. 

EXJMECES.    Wiegmann. 

Eumeces  septentrionalis  (Baird).  Northern  Blue-tailed  Skink.  Not  uncommon 
as  far  north  as  Lake  Winnebago. 

SCELOPOBX7S.    Wiegmann. 

Scdoporus  unduJatus  (Harlan).    Pine  Tree  Lizard.    I  have  one  specimen,  sent 

from  Lafayette  county  in  1850,  which  is  the  only  one  I  have  seen  from  the 

state. 

OPHEOSAUBUS.     Dandin. 

Opheosaurus  ventralis  (L.).  Glass  Snake.  The  limbs  of  the  Glass  Snake  are 
rudimentary,  covered  by  the  skin,  giving  this  remarkable  reptile  a  serpentine 
appearance,  although  it  is  a  true  lizard.  Li  early  days  they  were  not  un- 
common near  Kenosha.  They  occur  in  the  western  part  of  the  state  as  far 
north  as  La  Crosse. 

OPHIDLl.    Serpents. 

Body  greatly  elongated;  limbs  wanting;  mouth  dilatable;  jaws  articulated 
by  elastic  ligaments,  so  that  a  snake  can  easily  swallow  a  body  of  greater  cir- 
cumference than  its  own. 

Fa^iily  Colubrid^.    Non-venomous  Snakes. 

A  large  family,  embracing  eighteen  species  inhabiting  Wisconsin. 
They  can  be  recognized  by  the  plates  being  in  two  rows  from  the  vent  to  the 
end  of  the  tail.    No  poisonous  snakes  of  North  America  have  this  characteristic. 

HETERODON.    Beauvais. 

Heterodon  platyrhinus  (Latreille).  Blowing  Adder.  Dry,  sandy  locations.  Not 
uncommon  in  the  southwestern  counties.  A  serpent  of  threatening  looks 
but  harmless. 

H.  aimiis  (L.).    Hog-nosed  Viper.    Found  in  dry,  sandy  locations. 
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TBOFIDONOTU8.     KuhL 

Tropidonotus  aipedon  (L.).    Spotted  Water  Snake.    Abundant;  they  destroj 

many  fish. 
T.  Idxsria  (L.).    Striped  Water  Snake. 
T.  Grahami  (Baird  &  Girard).    Graham's   Snake.    Resembles  the  Uberia;  a 

small,  active  water  snake. 

TROFmocLONiuM.    Cope. 

Tropidc>eUmium  Kirtlandi  (Kennicott).  Kirtland's  Red  Snake.  One  specimen 
taken  on  the  border  of  Wisconsin,  near  Fox  river. 

8TOBERIA.    B.  and  G. 

Storeria  oocipitomaculata  (Storer).    Red-bellied  Snake.    Abundant. 
S.  Delcayi  (Holbrook).    De  E!ay*s  Brown  Snake.    Common. 

EUTiENiA.    B.  and  G. 

Eutcmia  Faireyi  (B.  and  G.).    Fairie's  Garter  Snake.    Grant  county: 
E.  proxima  (Say).    Say's  Garter  Snake.    Southern  counties. 
E,  radix  (B.  and  G.).    Hoy's  Garter  Snaka    Abundant  in  vicinity  of  Racine. 
E,'  sirtalis  (L.).    Common  Garter  Snake.    Abundant;  found  as  far  north  as  the 
shores  of  Lake  Superior. 

BASOAiouiff.    B.  and  G. 

Bcucanium  constrictor  (L.).    Blue  Racer.    Occasionally  met  in  southwestern 

counties. 

PITTOFHIS.    Holbrook. 

PityophiB  Sayi  (Schlegel).  Western  Fine  Snake.  A  large  species.  In  early 
days  it  was  common  in  the  western  part  of  the  state;  now  rare.  This 
species  reaches  six  feet  in  length. 

800T0PHIS.    B.  and  G. 

Sootophia  AUeghaniensia  (Holbrook).  Black  Snake.  Inhabits  heavy-timbered 
districts  and  is  partly  arboreal;  destroys  great  numbers  of  young  birds.  It 
is  the  largest  snake  found  in  the  United  States,  and  attains  a  length  of  six 
and  one-half  feet.    It  can  swallow  squirrels  and  even  rabbits. 

8.  vulpinus  (B.  and  G.)*  Fox  Snake.  This  si)ecies  is  frequently  called  Rattle- 
snake's mate,  or  Copperhead,  and  is  ignorantly  supposed  to  be  poisonous. 
It  is  harmless  and  docile  when  tamed.    Common  on  prairies. 

UOPELTIS.    Fitzinger. 

Liopeltis  vemalis  (De  Kay).    Green  Snake.    A  common,  beautiful  species. 

OPHiBOLUS.    B.  and  G. 
Ophibolus  eximia  (De  Kay).    Milk  Sucker.    Common. 

Familt  Cbotaudm,    Poisonous  Snakes. 

Upi)er  jaw  destitute  of  solid  teeth,  but  provided  instead  with  erectile  grooved 

fangs.    All  our  venomous  species  are  provided  with  rattles,  and  hence  can  be 

easily  recognized.    All  are  thick,  sluggish  snakes,  and,  so  far  as  I  can  ascertain, 

ovoviviparous. 

Crotalus.    L. 

The  genus  Crotalus  embraces  the  most  deadly  poisonous  serpents  known. 
Crotalus   durissus   (Anct.).    Yellow  Rattlesnake.      These  rattlesnakes  inhabit 
rocky  ledges,  in  the  crevices  of  which  they  seek  a  good  retreat  to  hlber- 
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nate.  They  were  so  numerous  thirty  yean  ago  in  the  vicinity  of  Devil's 
Lake,  that  it  was  extremely  haeardous  to  clamber  among  the  rocks.  On 
all  the  bluffs  of  the  Wisconsin  and  Mississippi  riven  they  were  formerly 
extremely  numerous,  and  are  still  common. 

Crotalophobub.    LaurentL 

Crotalophorua  Urgemina  (Say).  Massassauga.  This  species  inhabits  marshy, 
grassy  prairies  where  meadow  mice  live,  on  which  they  almost  exclusively 
subsist.  Their  bite  is  not  fatal,  but  causes  great  swelling  and  irritation. 
They  are  becoming  rare,  but  were  once  abundant, 

II.  AMPHIBIANS. 

Gold-blooded  vertebrates  allied  to  fishes,  sometimes  considered  jointly  under 
the  term  Ichthyopsida.  Amphibians  with  few  exceptions  undergo  a  complete 
metamorphosis.  Body  covered  with  smooth  skin  which  is  structurally  fitted  to 
assist  in  aerating  the  blood.  The  small,  soft  eggs  are  deposited  in  water.  The 
yoimg,  tadpoles,  begin  life  provided  with  branchia  and  a  two-chambered  heart 
like  fishes.  As  they  advance  the  gills  are  absorbed,  lungs  are  developed,  a 
third  ventricle  is  added  to  the  heart,  and  in  their  perfect  condition  they  leave 
the  water  air-breathers. 

ANURA    Tailless  Batrachians,  Frogs  and  Toads. 

The  tadpoles  have  covered  f^s.  During  their  transformation  the  hinder  feet 
are  developed  first.  Hind  legs  large  and  muscular,  organized  for  leaping.  The 
tail  of  the  tadpole  is  not  dropped,  as  commonly  supposed,  but  absorbed  to  the 
nourishment  of  the  body. 

Familt  Ranidjb.    Frogs. 

RANA.    LinnsBUS. 

Bana  halecina  fKalm.).    Leopard  Frog.    Common  throughout  the  state. 

R.  fontinalis  (Le  Conto).    Green  Frog.    A  large,  common  species. 

R.  8ylrxittca(LeC,).    Wood  Frog.    Abundant 

JR,  pipiens  (Ant.).    Bull  Frog.    Common  and  well  known  on  account  of  his  ricli 

bass  voice. 
22.  nigricans  (Agassiz).    Black  Frog.     Prof.  Agassiz  determined  a  specimen 

caught  at  Racine  as' the  nigricans;  rare. 

Family  Hylid-s.    Tree  Frogi 

HYLA.    Laurenti. 

Hyla  versicolor  (Le  Conte).    Common  Tree  Toad.    Abundant. 

H,  Pickeringii  (Holbrook).    Pickering's  Tree  Toad.    Abundant.    The  clicking 

made  by  this  Tree  Toad  is  like  the  striking  of  two  pebbles  together.    He 

might  well  be  called  the  Castanet  Tree  Toad. 

CHOROPHILUS.    Baird. 

Chorophilus  triseriatus  (Wied.).    Striped  Tree  Frog.    Common. 

C,  fncLCulatus  (Agassiz).    Spotted  Tree  Frog.    Found  on  Lake  Superior. 

Family.    Bufokiadm.    Toads. 

BUFO.    Laurenti. 
Bufo  Americanus  (Le  C).    Common  Toad.    A  common  and  beneficial  aTiJTtn^l. 


426  LIST  OF  AMPHIBIANa 

URODELA.    Salamanders. 

The  tailed  Batrachians  have  naked  bodies;  four  legs  organized  for  walking. 
Tail  persistent.  In  the  tadpole  stage  they  hare  conspicuously  fringed  external 
gills,  which  they  lose  at  maturity.  During  their  metamorphosis  the  fore  legs  are 
developed  first.  The  adults  have  no  gills — are  strictly  pulmonates.  They  are 
generally  sluggish,  harmless  animals,  which  inhabit  damp  and  shady  locations. 
They  devour  large  numbers  of  worms  and  slugs  and  are  mostly  nocturnal  in  their 
habits. 

FaHILT  PLEnBODELn>.S. 

DIEMYCTTLUS.    Rafinesque. 

Diemj/dyhu  virideseens  (Raf.).    Spotted  Triton.    Found  in  ponds  and  brooks. 
2>.  miniatus  (Raf.).    Red  Evet.    Found  with  above. 

FaMILT  PLETHODONTIDiB. 
HEMIDAOTYIJUli.     TschudL 

Hemidactylium  scutatum  (Schlater).    Four-toed  Salamander.    Found  at  Racine. 

PLETHODON.     Tschudi. 

HetJiodon  glutinosus  (Green).    Viscid  Salamander.    Found  at  Racine. 

SPELERPES.    Rafinesque. 

Spderpes  bUineatus  (Green).    Two-striped  Salamander.    Found  at  Racine. 
8,  Umffioandus  (Green).    Cave  Salamander.    Found  at  Racine. 
8,  ruber  (Dandin).    Red  Triton.    Found  at  Racine. 

FaMILT  AMBLYSTOMIDiB. 
AMBLT8TOMA.      Tschudi. 

Amblystoma  opacum  (Gravenhorst).     Opaque  Salamander.    Found  at  Racine. 
A,  punctatum  (L.).     Large  Spotted  Salamander.     Found  at  Racine. 
A,  Jefferaonianum  (Green).    Jefferson's  Salamander.    Found  at  Racine. 
A,  luridum  (Sager).    The  Great  Salamander.     This  is  probably  the  largest  Sala- 
mander found  in  the  United  States. 
All  the  Uridellae  in  the  above  catalogue  I  have  taken  within  a  few  miles  of 
Uacine,  and  have  in  my  cabinet.    Thirty  years  ago,  when  I  studied  this  group, 
we  could  hardly  turn  over  an  old  log  in  the  swamp  and  heavily-timbered  district 
without  disturbing  some  species  of  Salamander.     Now  but  few  are  left 

PROTEIDA. 

Tailed  Amphibians,  provided  with  bushy  external  gills,  which  are  persistent 

during  life.     Lungs  rudimentary.    These  curious  animals  resemble  the  tadpole 

of  the  Salamander,  hence  they  are  the  lowest  of  the  Amphibians,  and  close  to 

fishes. 

NECTURUS.    Rafinesque.    Mud  Puppies. 

Necturus  lateralis  (Say).  Mud  Puppy.  Foimd  in  abundance  in  most  streams  and 
lakes  of  the  state.  They  are  ignorantly  supposed  to  be  poisonous  and  are  the 
subject  of  many  ridiculous  newspaper  accounts.  The  Mud  Puppies  do  con- 
siderable damage  by  eating  the  spawn  of  various  fishes.  The  Mud  Puppy 
is  strictly  aquatic,  never  leaving  the  water;  in  fact,  many  fishes  can  sur- 
vive longer  when  taken  from  their  native  element. 
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III.  FISHES. 

Ilshes  are  cold-blooded  vertebrates,  having  fins  as  organs  of  progression. 
They  have  a  two-chiunbered  heart,  corresponding  to  the  right  side  of  the  heart 
of  warm-blooded  animals.  Their  bodies  are  mostly  covered  with  scales,  yet  a  few- 
are  entirely  naked,  like  the  catfish.  Others,  again,  as  the  sturgeons  are  oovered 
with  curious  plates. 

In  most  fishes  there  is  a  swimming  bladder,  situated  near  the  back,  which  is 
homologous  to  the  limgs  in  the  higher  vertebrates.  When  present  it  serves  an 
important  purpose  by  enabling  the  fish  to  vary  its  specific  gravity  and  thus  to 
float  at  any  desired  elevation  in  the  water. 

The  sides  of  most  fish  exhibit  a  longitudinal  row  of  scales,  in  each  of  which  is 
a  perforation. 

This  series  of  openings  forms  what  is  know  as  the  lateral  line.  The  researches 
of  Prof.  L.  Agassiz  have  shown  that  these  holes  are  openings  into  tubes, 
which,  together  with  similar  ones  on  the  head,  permeate  all  parts  of  the  body, 
brain,  muscles,  bones  and  viscera,  freely  admitting  water,  thus  equalizing  the 
pressure  without  and  within.  Fishes  have  no  external  ear,  and  henoe  it  is  doubt- 
ful if  they  can  hear  at  all.  They  are  exceedingly  prolific  under  favorable  con- 
ditions. Fresh  water  fishes  are  more  universally  edible  than  those  inhabiting 
salt  water,  and,  as  a  rule,  the  cooler  and  purer  the  water  the  better  the  fishes. 

Wisconsin  has,  perhaps,  tlie  best  facilities  for  fish  culture  of  any  state  in  the 
union.  There  are  not  less  than  eighteen  hundred  lakes  within  the  state.  These 
lakes  cover  some  fourteen  hundred  square  miles.  The  state  has  on  the  es^st  and 
north  the  greatest  bodies  of  fresh  water  on  the  globe,  and  on  the  west  the  **  Great 
River." 

In  addition  there  are  many  rivers  traversing  the  state.  In  consequence  of 
most  of  these  being  tributaries  of  the  Mississippi,  numbers  of  southern  forms  of 
fish  find  their  way  into  Wisconsin. 

It  gives  me  pleasure  to  acknowledge  my  great  obligations  to  Prof.  David  S. 
Jordan,  as  well  as  to  the  lamented  Copeland,  for  valuable  assistance  in  determin- 
ing species. 

SUB-ORDER  ACANTHOPTERI.    Spiney-rayed  Fishes. 

Family  Etheostomid^.    Darters. 

Fish  of  small  size;  body  elongated,  not  compressed;  a  ground  fish  having 
no  swimming  bladder.  They  frequent  clear,  running  water,  with  sandy  and 
pebbly  bottom,  and  move  about  with  a  jumping  motion,  frequently  resting 
among  the  stones  on  their  large  pectorals  and  rigid  ventral  fins.  Most  of  the 
species  are  remarkable  for  their  beautiful  display  of  colors. 

PCEdLICHTHYS.      AgaSSiz. 

Poecilichthya  variata  (Bartland).     Blue  Darter.    A  beautiful  fish.    Found  in 

several  cool  spring  brooks  in  Racine  county,  and  at  Nine  Springs,  Dane 

county. 
P.  spectabilia  (Agassiz).    Striped  Blue  Darter.    Found  in  cool  brooks  in  Racine 

county.    Somewhat  rare. 
P.  punctulatiut  (Agassiz).    Dotted  Darter.    Not  uncommon  at  the  rapids  near 

Racine. 
P.  lineatua  (Agassiz).    Striped  Darter.    Common. 
P.  flabdlatus  (Rafinesque).     Fan-tailed  Darter.     Found  in  Fox  river. 
P.  punctulata  (Putnam).    Least  Darter.    Common  in  Racine  coimty.    This  fish 

is,  perhaps,  the  smallest  spiney-rayed  fish  known. 
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BQLDCBTHTB.     GilBld. 

SoUiehthy$  exQis  (Oiraid).    Bed-«ided  Darter.    Bock  and  Fox  rrvenL 
B.  eas  (Jordan  &  Copeland).    Copdand's  Darter.    Abnndant  in  Brown's  Uoe,  on 
the  shores  of  IdandT^Hld. 


Pleurolepns  p^uciduM  {Agaanz\    Sand  Darter.    BockriTer.    This  qiecifls  is  in 
the  habit  of  burrowing  in  the  sand,  leaTing  only  its  eyes  TisiUe. 

BOLBOfiOifA.    De  Kay. 

Boleotoma  (Hnutedi  (Storei).    TesBeHated  Darter.    Abnndant  in  ood,  diaDofw 


B.  atromaeulata  (Girard).  Besembles  the  (Hmstedi^  excepting  that  the  neck  and 

throat  are  scaled.    Not  uncommon. 
B.  brevipinruE  (Cope.).    little  Johnny.    Cknnmon  in  Bock  and  Fox  riTONb 
B,  maeulata  (Agaswig).    Spotted  Darter.    Lake  Superior. 

■THBoeroifA.    Bafinesque. 

JBtheottoma  blennioide$  (Kirtland).    Bladc-sided  Darter.   Ijike  Michigan;  laie. 

FKBCIKA.    Haldeman. 

Perdna  eaprodes  (Baflnesipie).    Large  Darter.    Abnndant  in  most  lakes, 

P.  Zebra  (Agassiz).    Lake  Superior.   This  may  prove  to  be  a  varietyof  Gaprodes. 

P.  ManiUm  (Jordan).    Jordan's  Darter.    Taken  at  Badne. 

VEBoasDM,    Perch. 

Spine-rayed  fishes.  Cone-like  scales;  body  more  or  less  compressed.  A  hardy 
and  yahiable  class  of  fish,  including  the  perch,  bassand  sunfish.  They  take  the 
hook  and  are  well  worth  cultiTating  in  all  our  lakes. 

PERCA.    LinnflRu?!. 

Perca  flavescena  (MitchiU).  Yellow  Perch.  Abundant  ererywhere.  Variable 
in  markings  and  color,  but  it  is  doubtful  if  there  is  more  than  one  species. 

LUdOFEBCA.     CuTier. 

Lucioperca  Americanum  (Valen).    Wall-eyed  Pike.    A  large,  excellent  pan-fish. 

Common. 
L.  griseum  (De  Kay).    Ghray  Pike  Perch.    Kay  be  a  variety  of  the  Ameri4Mnum, 

Boocxrs.    MitchilL 

Boceu8  erysops  (Bafinesque).  White  Bass.  Conmion  in  Lake  Michigan  and 
some  of  the  inland  lakes. 

MicsOFTEBUS.    Lacepede. 

Microptena  flavidanus   (Le   Sueur).     Large-mouthed  Black  Bass.    Common 

everywhere  and  a  valuable  fish. 
3f.  Bolmoides  (Lacepede).    Small-mouthed  Black  Bass.    Common  and  valuable. 

FOMOXYB.    Bafinesque. 

Pomoxy8  hexacanthus  (C.  &  V.).  Six-spined  Bass.  Not  uncommon  in  grassy 
lakes.  The  m(»8t  important  of  our  bass.  It  can  be  known  by  the  six  dorsal 
spines.  It  feeds  almost  exclusively  on  crustaceans,  which  explains  its 
excellent  fiavor.  Its  length  is  from  six  to  ten  inches,  and  its  breadth 
nearly  half  as  mach« 


LIST  OF  FISHES  429 

AHBLOFLITBS.    Rafinesque. 
AfMoplite8rupestri8(Rai.).    Bock  Baas.    Common  in  the  stony-bottomed  lakes. 

OOFSLANDM,    Jordan. 

CqpdandcB  eriarcha.    Hoy's  Sunfish.    The  typical  specimen  was  caught  by  the 
writer  in  the  Menominee  river  at  Wauwatosa. 

TELiFOMis.    Bafinesqne. 

Tdipomis  CyaneUus.    Bine-spotted  Sunfish.    A,  pretty,  small  Snnfish,  of  little 
value  except  in  the  aquariuuL    Ck>mmon. 

LAPOMis.    Cope. 

Lapoinis  megalotU  (Raf.).    Long-eared  Sunfish.    Fox  river.    Kot  common. 
Im  nitidu8  (Kirtland).    Eirtland's  Sunfish.    Not  common. 
Im  angcUlinus  (Cope.)*    Red-spotted  Sunfish.    Fox  river  (Nelson). 
Xr.  occuJatus  (Cope.).    Cope*s  Sunfish. 

L,  pdUastes  (Cope.).    The  small  Sunfish  are  difficult  to  classify  as  they  vary  ex- 
ceedingly, according  to  sex,  season,  and  the  quality  or  temperature  of  the 

water  they  inhabit. 

POMons.    Rafinesque. 

PomoUa  aureus  (Linnaeus).    Common  Sunfish.    Common; 

P.  vuigaria.    Common  Spotted  Sunfish. 

« 

^  Aphredoderidjb. 

APHBBDODEBUS.     Le  SueUT. 

Aphredoderua  aayannus  (Gilliams).    Pirate  Perch.    Found  in  Fox  river.    (This 
aberrant  form  is  inserted  on  the  authority  of  Copeland.) 

* 

SCIAENIDiB. 

HAPLomONOTUS.    Rafinesque. 

Haploidcmotusgrwinien8{Iiaf.).   Sheepshead.  Great  Lakes.    Large,  fine-looking 

worthless  fish. 

Family  Cottidjb. 

Fresh  water  Cottoids  are  small,  singular  looking  fishes,  with  great  heads,  large 
pectoral  fins  without  distinct  rays,  ventrals  situated  under  the  insertion  of  the 
pectorals,  no  swimming  bladder.  They  inhabit  cold  rocky  streams,  move  by 
hops — in  this  particular  resembling  the  Etheostomidse.  In  my  opinion,  that 
classification  is  extremely  artificial  that  does  not  place  these  fish  in  close  relation. 

PEOEDICHTHTS.    Rafinesque. 

Pegedichthya  ictaJuropa  (Raf.).    Big  Cottus.    Found  in  Rock  river  (Copeland). 

P.  Richardsonii  (Ag.).    Richardson*s  Cottus.    Lake  Superior. 

P.  cUvordi.    Not  uncommon  in  the  Wisconsin  and  Rock  rivers. 

P.  Bairdii  (Girard).    Baird*s  Bull-Head.    Raotne.    Not  uncommon* 

URANIDBA. 

Uranidea  FranJcHni  (Ag.)*    Franklin's  Cottus.     Lake  Superior. 
U,  Hoyi  (Putnam).    Hoy's  BuUHead.    Lake  Michigan,  in  deep  water. 
U,  Kumlienii  (Hoy).     Kumlien's  Cottus.    Lake  Michigan,  in  deep  water. 
U.  pollicario  (Jordan).    We  procured  this  large  Cottus  in  Lake  Michigan. 

C0T0P8IS.    Girard. 
Cotqpns  Ricii  (Nelson).    Rice's  Blue  Head.    Lake  Michigan,  in  deep  water 
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TRiGLOPSis.    Girard. 

Triglopsia  Thompsoni  (Girard).  Deep  Water  Sculpin.  Lake  Michigan,  in  deep 
water.  They  are  found  in  the  stomachs  of  trout  taken  in  water  seventy 
fathoms  deep. 

SUB-ORDER  ANACANTHINL 

Familt  Qadidm* 

LOTA.    Cuvier. 

Ix>ta  maculosa  (Les.).  Lawyer.  Common  in  Lake  Michigan.  This  fresh  water 
member  of  the  codfish  family  is  nearly  worthless.  It  takes  the  hook 
readily. 

SUB-ORDER  HKMTBRANCHIL 

Familt  GASTEBOSTEiDiB. 

OASTEROSTBNS.     linnSBUS. 

Oasterostens  nebuJosua  (Ag.).    Lake  Stickleback.    Abundant  in  Lake  Michigan. 
O.  inconslana  (Kirtland).    Brook  Stickleback.    Abundant  in  all  muddy,  edug- 

gish  streams. 
O.  pygmoea  (Agassiz).    Lake  Superior  Stickleback. 

SUB-ORDER  ISOSPONDYIX 
Family  PsacopsiDiB. 

PEBCOFSis.    Agassiz. 

Pereqpns  guttatua  (Agassiz).  Trout  Perch.  This  pretty  little  fish  occupies  an 
intermediate  place  between  the  perch  and  trout — an  old-fashioned  fish 
closely  related  to  several  fossil  fishes.  This  is  one  of  many  evidenoeB  that 
America  is  the  oldest  country,  geologically  speaking. 

Family  Salmonid^. 

Soft-finned  fish,  with  an  extra  dorsal  fin,  without  rays  called  the  adipose  fin. 
Head  naked;  body  covered  with  scales;  swimming  bladder  large  and  simple. 
This  family  includes  by  far  the  most  valuable  of  our  fishes,  among  them  the 
trout,  whitefish  and  grayling.  The  trout  family  inhabits  northern  countries. 
All  spawn  in  the  latter  part  of  autumn  or  early  winter. 

SALMO.    linnfieus. 

Salmo  fontinalis  (Mitchill).  Brook  Tiout.  This  celebrated  fish  inhabits  most  of 
the  streams  and  small  lakes  of  the  northern  half  of  the  state.  It  is  culti- 
vated for  market,  and  propagated  artificially  in  the  state  hatcheiy,  near 
Madison,  to  supply  suitable  public  waters. 

S.  namaycush  (Pennant).  Mackinaw  Trout  or  Salmon  Trout.  A  large,  noble 
fish,  weighing  from  five  to  sixty  pounds,  and  found  in  the  Great  Lakes. 
This  trout  is  propagated  at  the  Milwaukee  hatchery,  for  the  purpose  of 
stocking  the  deeper  and  colder  of  the  inland  lakes  of  the  state. 

S.  Siacowet  (Agassiz).  Siscowet.  Nearly  as  large  as  the  preceding,  but  not  so 
good,  the  fiesh  being  too  oily.  As  yet,  none  of  this  species  have  been  taken 
except  in  Lake  Superior. 

ABOYBOSOMUS.      AgaSSiz. 

Abundant  in  Lake  Michigan.    All  of  this  genus  take  the  baited  hook  at  cer- 
tain seasons.    They  may  be  known  by  the  projecting  under  jaw. 
Argyroiomua  clujpeiformis  (Mitchill).    I^dLO  Herring. 
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A.  tisco  (Jordan).    Sisco.    This  small  white  fish  is  found  in  most  of  our  deep 

*    interior  lakes,  and  is  a  moderately  good  pan-fish. 
A.  nigripinnis  (Gill).    Black  Fin.    It  has  as  yet  been  found  only  in  the  deepest 

water  of  Lake  Michigan,  where  I  had  the  pleasure  of  discovering  it. 
A,  Hoyi  (Gill).    Hoy^s  Sisco.    The  smallest  and  most  beautiful  of  the  white  fish. 

This  small  species  is  numerous  in  the  deep  water  of  Lake  Michigan.    It  is 

the  principal  fish  on  which  the  salmon  trout  feeds.    Too  small  to  be  of 

value  as  a  food  fish  for  man. 
A,  TuUibee  (Linnasus).    Tullibee  Sisco.    Lake  Superior  ( Agassiz). 

COBEGONUS,  Linnseus. 

The  true  white  fish,  coregonus,  can  be  distinguished  from  the  genus  argyroao- 

tnus  by  the  short  under  jaw  and  square  nose. 

Caregantis  albus  (Le  Sueur).  Lake  white  fish.  This  fish  is  the  mnst  valuable  of 
our  fresh  water  fish.  It  is  largely  propagated  at  the  hatchery  in  Milwau- 
kee, for  the  purpose  of  stocking  Lake  Michigan. 

C,  guadrilateralis  (Richardson).  Round  white  fish.  Lake  Michigan.  This 
species  spawns  about  the  first  of  December,  in  fifteen  fathoms  of  water, 
just  outside  the  stony  ridge  north  of  Racine. 

SUB-ORDER  PERCESOCES 

Familt  Atherinid js. 

Small,  cam! verous  fish;  body  elongated  and  more  or  less  compressed,  covered 
with  cycloid  scales. 

LOBIDBSTHES.     Ck>pe. 

Lobideathes  aicctUtLS  (Ck)pe.).    Silver  Skip- Jack.    Found  in  Fox  and  Rock  rivers. 

SUB-ORDER  HAPLOML 

Family  Cyprinodontidjb. 
Teeth  in  both  jaws;  air-bladder  simple;  head  fiattened;  dorsal  fin  far  back. 

ZY(K>NECTES.      AgaSSiz. 

Zygonectes  olivaceus  (Storer).    Top  Minnow.    Found  at  Madison. 

Family  Umbrid^s. 

MELANURA.      AgaSSiz. 

Mdanura  limi  (Kirtland).    Mud  Minnow.    Numerous  all  over  the  state,  in  every 

muddy  ditch  or  pond. 

Family  EsociDiE. 

Voracious  fish,  armed  with  strong  teeth;  bodies  long  and  cylindricaL    They 
lie  in  wait  for  their  prey,  and  dart  upon  it  in  a  hawk-like  manner. 

Esox.    Linnaeus. 

Esox  nobiliar  (Thompson),  Muskallunge.  The  largest  of  our  Pickerel.  Not 
rare.  One  was  caught  April  9,  1877,  in  Fox  river,  which  weighed  forty 
pounds.  Its  length  was  four  feet;  length  of  head,  ten  inches;  circumfer- 
ence of  body,  twenty  and  one-half  inches;  circumference  over  the  eyes, 
eighteen  inches;  depth,  six  inches. 

E,  estor  (Le  Sueur).  PickereL  The  most  common  species,  reaching  a  length  of 
from  three  to  four  feet. 
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E.  9almoneu8  (Raf.).     Little  FiokereL    Found  near  Racine.     Seldom  is  more 

than  one  foot  in  length. 
E.  cypho  (Cope.).    Bu£falo  PickereL    Caught  in  Fox  river;  rare.    Can  be  known 

by  its  small  size  and  arched  shoulders. 

Faiqlt  Htodontidjs. 

HYODON.    Le  Sueur. 
J7yodan  tergiMM  (Le  Sueur).    Moon  Eye.    Racine  river  and  Lake  Michigan. 

SUB-ORDER  EVENTOGRATHL 

FaMILT  CYFBINIDiB. 

Small,  soft-finned  fish,  without  mazillaiy  teeth.    Air  bladder  divided  into  two 

compartments.    This  family  includes  a  great  part  of  our  small  fish,  such  as 

shiners,  chubs,  dace,  etc.    They  all  spawn  in  the  spring  or  early  summer.    A  few 

species  are  good  pan-fish. 

OAMPOSTOUA.    Agassiz. 

Camposfoma  anomoZum  (Rafinesque).    Stone  Lugger.    Found  at  Brown*s  lake. 
C  duMitm  (Kirtland).    Not  common. 

FDCEPHALES.    Rafiuesquc. 

Pim^hales  promdcLs  (Raf.).    Fat  Head. 

P.  meUtnoc^halus  (Abbott).    Black  Head.    Rock  river  and  small  lakes. 

HYBOONATHUS.     AgaSSiz. 

Epbognathua  muchalia  (Ag.).    BluntJawed  Minnow.    Wisconsin  (Copeland). 
H.  argyritis  (Girard).    Silvery  Minnow.    Grant  county,  Wisconsin. 

HYBORHTNCHT7S.     Agassiz. 

Hyhorhynchu8  notatu8  (Rai.),    Blunt-Nosed  Minnow.    Common.    Copeland. 

SEMOTILUS.    Rafinesque. 

Semotilus  carporalia  (Mitchell).    Common  Chub  or  Homed  Dace.    Common 

everywhere. 

CERATICHTHYS.    Balrd. 

Ceratichthya  biguttatiis  (Kirtland).    Common. 

C.  dissimilis  (Kirtland).    Common. 

C  prostheniua  (Cope.).    Lake  Superior  (Cope.).    Not  uncommon. 

BHmiCHTHTS.    Agasslz. 

Rhinichthya  nasutus  (Ayres).    Long-nosed  Dace.    Common. 

jR.  marrnoratus  {Ag.).    Marbled  Dace.    Common. 

jR.  afrowasus  (Mitchell).    Black-nosed  Dace.    Common. 

R.  maxellosus  (Cope.).    Lake  Michigan. 

R.  namtua  (Ag,).    Lake  Superior. 

HYBOFSis.    Agassiz. 

Hybopaia  Storerianua  (Kirtland).    Storer's  Minnow.    Lake  Michigan. 

H.  tudinatua  (Cope.),    Lake  Michigan. 

H.  volucdlua  (Cope.).    Lake  Michigan  (Cope.). 

H.  daraalia  (Ag.).    Lake  Superior. 

H.  atramineiis.    Fox  river. 

H.  hoematurua  (Cope.).    Red-tailed  Minnow.    Lake  Michigan. 

IL  plumbeolua  (Cope.).    Great  Lakes. 
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HBMITREMIA.     Ck)pe. 

JBemitremia  heterodon  (Cope.)*    Northern  Hemitreoiiia.    Abundant. 

CHROSOMUB.    Rafinesqne.  . 

Cro9(miu8  erythrogcuter  (Raf.).    Bed-bellied  Minnow.    A  beautiful  fish  for  th* 

aquarium. 

PHOzmuB.    Bafinesque. 

Phoxinua  neogceua  (poye,).    New  World  Minnow.    Abundant. 

anuL    Baird  &  Girard. 
OUa  eUmgatd  (Kirt).    Bed-sided  Minnow.    Abundant. 

LYTHRUBUS.    Jordan. 

L^hruruM  dipUxmius  (Baf.).    Bed  Fin.    Not  uncommon 
L.  eyanocepficUus  (Ck>peland).    Hoy's  Bed  fish. 
This  fish  has  not  certainly  been  found  except  in  Racine  riveri 

LEUCiscus.    Klein. 

XeuetsetM  oomiitu8  (Mitchell).    Homed  Dace.    Ck)mmon. 

L,  frontalis  (Ag.).    Lake  Sup«)rior  Homed  Dace.    Lake  Superior. 

L.  gracUuB  (Ag.).    Slim  Daoe.    Lake  Superior. 

CTPKINBLLA.    Girard. 

CyprineUa  anaJostana  (Girard).    Wisconsin  and  Bock  rivers 

PHOTOGENis.    CJope. 

PhotogeniB  gpihpterua  (Ck>pe.).    Spotted-finned  Shiner.    Lake  Michigan. 

HmNlLUB.    Bafinesque. 

MinnUtu  dinemiis  (Baf.).    Emerald  Minnow. 

M,  rubrifrona  (Cope.).    Bosy-faced  Minnow.    Fox  river. 

M,  rtfbellus  (Ag.).    Bosy  Minnow.    Lakes  Superior  and  Michigan. 

NOTEMiaoNXTS.    Bafiuesquc. 

Notemigonus  Amerieanus  (L.).    Shiner.    Abundant  everywhere. 

FaHILT  CATOSTOMID.a. 

Cyprenoid  fishes  of  medmm  or  laige  size;  mouth  toothless,  with  fieshy,  pro- 
jecting lips;  head  naked:  air-bladder  large,  divided  into  two  compartments; 

scales  large. 

OATOSTOMUS.    Le  Sueur. 

Catoatomus  teres  (Mit.)     Common  Mud  Sucker.    Abundant  in  streams. 
C.  Hudsonii  (Le  S.).    Long-nosed  Sucker.    Lakes  Superior  and  Michigan. 
C.  FosterianuB  (Ag.)     Northern  Sucker.    Lake  Superior. 
C.  aurora  (Ag.).    Bed-sided  Sucker.    Abundant  in  Lake  Michigan. 
C.  ni(/r»can«  (Le  S.).    Stone  Boiler.    Frequents  clear  water. 

ERDiTZON.    Jordan. 

Erimyzon  ohlongua  (Mit.).    Chub  Sucker.    Abundant  m  Great  Lakes. 
E.  mdanopa  (Baf.).    Striped  Sucker.    Abundant  in  Wisconsin  river. 

TERETULUS.      Raf. 

TeretuluB  Duquesnei  (Le  S.).    Bed  Horse.    Abundant  in  larger  rivers. 

r.  aureolum(Le8,).    Lake  Bed  Horse.    Abundant  in  Lake  Michigan  and  streams 

flowing  into  it. 
7.  earpio  (VaL).    Silvery  Mullet.    Fox  river;  not  abundant. 
Vol,  1—28 
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OABFIODSS.    Bafinesqae. 

Carpiodes  bison  (Ag.).    Buffalo  Carp.    Mississippi  and  Wisooimin  rivercj. 
C,  Thompsoni  {Ag,).    Lake  Garp.    A  few  taken  at  Racine. 

BUBALICHTHYS.     Agassiz. 

Bubalichthys  niger  (Baf.).    Buffalo  Fish.    Abundant  in  Mississippi  and  tribu- 
taries. 

CYCLEPTUB.    Rafinesque. 

CycleptuB  eUmgus  (Le  S.).    Black  Horse.    Baraboo  river. 

OBDER  NEMATOGNATHL 

CSkin  nakedf  or  with  long  plates,  long  barbels,  maxillary  bones  rudimentary.  J 

Familt  Selurida. 

ICTALURUS.    Bafinesque. 

Ictalwrus punctattts  (Baf.).    Blue  Gat-fish.    Abundant  in  Mississippi  and  Bock 

rivers. 
J.  nigricans.    Great  Lake  Cat-fish. 
J.  gracilis  (Hough.).    Northern  Silvery  Gat.    Great  Lakes;  not  uncommon. 

AiONUBUS.    Bafinesque. 

Aminurus  Amerioanus.    Bull  Head.    Not  rare. 

A.  confirm  (Girard).    Wisconsin  Bull  Head.    Common. 

A,  Hoyi  (Girard).    Hoy's  Bull  Head.    Bacine  river. 

A,  albidus  (Le  S.)    Brown  Gat-fish.    Common  in  Wisconsin  river. 

A,  VtUgarus  (Thompson).    Bull  Pout.    Not  rare. 

A.  oelurus  (Girard).    Minnesota  Gat-fish.    Bock  and  Wisconsin  rivers. 

A.  cupreus  (Baf.).    Great  Yellow  Gat-fish.    Mississippi    (Some  of  the  above  are 

doubtful  species.) 

NOTUBUS.    Rafinesque. 

Noturus  exUis  (Nelson).    Stone  Cat    Fox  river  (Nelson). 

ORDER  APODES. 
Familt  AKoniLLiD.fi. 

ANOT7ILLA.    Thunberg. 

AnguUla  vulgarus  (Jordan).    Western  EeL    One  caught  at  Burlington  that 
measured  two  feet  ten  inches  in  length. 

ORDER  CIJCLOGANOIDEL 

FAIQLT  AlIID.fi. 

Body  stout,  covered  with  thick  cycloid  scales;  tail  heterocercal;  teeth  in  two 
sets,  strong  and  sharp;  dorsal  fin  long;  air-bladder  cellular. 

AMIA.    LinnsBUS. 
Amia  calva  (L.).    Dog  fish.    Abundant.    Worthless. 

OBDER  RHOMBOGANOIDEL 

Familt  Lepidosteid^s. 

Body  cylindrical;  jaws  elongated,  beak-like,  and  armed  with  numerous  teeth; 
scales  enamelled,  rhomboidaL 
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LBPID06TEUS.    Laoepede. 

Lepidostetts  asseus  (Li),    Qnr  Pike.    Numerous  in  Bouthem  half  of  state. 

L,  platystomiis  (Raf.).  Broad-noeed  Gku:.  Rare.  A  fine  Bpeoimen  has  been 
taken  from  Lake  Koshkonong. 

L.  adamantinfju  (Raf.).  Alligator  Gkir.  This  Gar  has  been  taken  from  the  Mis- 
sissippi within  the  state. 

ORDER  SELACHOSTOMI. 

Family  PoLTODONrmiB. 

Bodj  elongated;  skin  naked;  minute  teeth  on  lower  jaw;  upper  jaw  prolonged 

into  a  long  spoon-like  process.    But  two  species  known, — one  in  America,  and 

one  in  China. 

FOLTODON.    Lacepede. 

Polffodon  folium  (Lacepede).  Spoon  BilL  Not  uncommon  in  muddy  streams, 
tributaries  of  the  Mississippi 

ORDER  CHONDORSTEL 

FaIOLT  ACIPENBEBIDiB. 

ACIFENSER.    Tiinnffins. 

Aeipenser  macidosua  (Le  Sueur).    Rock  Sturgeon. 

A.  rubicundus  (Le  Sueur).    Red  Sturgeon.    Large  and  numerous. 

A.  carbonarius  (Ag.).    Lakes  Superior  and  Michigan.    A  doubtful  species. 

SCAPHIRHYNCHOPS. 

Scaphirhynchops  platyrhynchtu  (Raf.).  Shovel-nosed  Sturgeon.  Mississippi, 
Rock  and  Wisconsin  rivers. 

CLASS  MARSIPOBRANCHIL 

ORDER  HYPEROARTIA. 

FAMILT  PBTROMYZONTID.aL 

Body  naked,  eel-shaped;  dorsal  and  anal  fins  continuous  with  caudal;  mouth 
suctorial;  alimentary  canal  straight. 

FBTBOHYZON.     LiunSBUS. 

Petromyzon  niger  (Raf.).    Small  Black  Lamphrey.   Mississippi  river  and  Great 

Lakes. 
P.  argenteua  (Kirt).    Silvery  Lamphrey,    Found  at  Racine, 


CHAPTER  X. 


• 


LLST  OF  THE  MAMMALS  OF  WISCONSIN. 

Bt  M0SX8  Strong. 

Note. — In  the  following  list  of  the  Mammals  of  our  state  I  have  onlyendeay- 
ored  to  give  the  scientific  and  common  name  of  each  species,  referring  them  to 
the  author  with  whom  they  originated.  A  few  remarks  are  also  added,  relatire 
to  the  portions  of  the  state  where  they  are  found,  and  their  food  and  habits 
which  render  them  injurious  or  beneficial  to  mankind.  Much  information  that 
is  interesting  and  useful,  which  is  contained  in  all  large  works  'on  natural  his- 
tory, for  want  of  space  is  necessarily  omitted. 

The  order  followed  in  the  list  is  that  of  Dr.  Theodore  Gill  in  his  "  Arrange- 
ment of  the  Families  of  Mammals,**  prepared  for  the  Smithsonian  Institution. 
I  am  also  much  indebted  to  Dr.  P.  R.  Hoy,  of  Racine,  for  the  completeness  of 
the  list,  and  for  numerous  additions  to  it,  which  his  long  experience  as  a  natu- 
ralist in  Wisconsin  has  enabled  him  to  make. 

1.  Fdis  concolor,  linnsBus.  Panther.  Found  rarely  in  the  northern  part  of 
the  state.    Carnivorous.    Injurious. 

2.  Lynx  Canadensis,  St  Hillaire.  Canada  Lynx.  Found  occasionally  in 
unsettled  districts.    Carnivorous.    Injurious. 

8.  Lynx  rufus,  Rafinesque.  Wildcat.  More  common  than  the  preceding. 
It  is  found  frequently  in  the  heavily  timbered  regions.    Carnivorous.   Injurious. 

CANIDiB. 

4.  Canis  lupus,  Linnseus.  Gray  Wolf.  Occurs  in  timbered  portions  of  the 
state.    Carnivorous.    Injurious. 

6.  Cants  latrans.  Say.  Prairie  Wolf.  Found  frequently  in  the  prairie  re- 
gions.   Carnivorous.    Injurious. 

6.  Vulpes  fvlvus.  Desmarest.  Red  Fox.  Occurs  occasionally  in  nearly  all 
parts  of  the  state.    Carnivorous.    Injurious. 

7.  Vulpes  Virginianus,  Richardson.  Gray  Fox.  Much  more  rare  than  the 
preceding.    Carnivorous.    Injurious. 

MUBTEUD.S. 

8.  Mustela  Americana.  Linnaeus.  Pine  Marten.  Found  in  the  northern  and 
central  portions  of  Wisconsin.  Carnivorous  and  insectivorous;  also  eats'  some 
kinds  of  berries  and  nuts.    Valuable  for  its  fur.     Beneficial. 

9.  Mustela  Pennantii.  Erxleben.  Fisher.  Occurs  in  the  same  districts  as 
the  preceding.  Food,  small  animals,  fish,  frogs,  grouse,  etc.  Valuable  for  fur. 
Beneficial. 

10.  Putorius  nowhoracensis,  De  Kay.  White  Weasel.  Found  in  nearly  all 
parts  of  the  state.  Food,  rats,  mice,  moles,  gophers  and  other  small  ftnimurl^ 
destructive  to  crops,  destroying  large  numbers  of  them  annually.    Beneficial. 
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11.  Putorius  vulgaris.  LinnsBus.  Little  WeaseL  Its  geographical  distribution 
and  habits  and  food  are  similar  to  the  preceding.    BeneficiaL 

12.  Putorius  cicognanii,  Bonaparte.  Small  WeaseL  Similar  in  food  and 
habits  to  the  preceding.    BeneficiaL 

18.  Putorius  Ridiardsonii.    Bonaparte.    Richardson^s  WeaseL 
14»  Putorius  visori,    Brisson.    Mink.    Common  in  the  uninhabited  and  thinly 
populated  parts  of  Wisconsin.    Food,  fish,  frogs,  crabs,  rats,  mice,  small  ani- 
mals and  birds.    Valuable  for  its  fur.    BeneficiaL 

16.  Mephitis  mephitica.  Shaw.  Skunk.  Found  in  all  parts  of  Wisconsin. 
Food,  small  animals  and  the  eggs  of  birds  which  nest  on  the  ground;  also  insects. 
Lijurious. 

16.  Lutra  Canadensis,  Sabine.  Otter.  Found  occasionally  near  the  lakes 
and  streams  in  the  northern  half  of  the  state.  Its  food  is  chiefiy  fislu  Fur 
valuable.    Beneficial. 

17.  T\ixidea  Americana,  Boddaert.  American  Badger.  This  animal,  which 
figures  conspicuously  on  the  State  Seal,  was  formerly  abimdant  in  all  parts  of 
the  state,  but  is  now  found  chiefly  in  the  sandy  and  thinly  inhabited  regions. 
It  IS  chiefly  carnivorous,  feeding  on  field  mice,  gophers  and  other  small  animals. 
BeneficiaL 

18.  Qulo  luHcus.  linneeus.  Wolverine.  Occurs  rarely  in  northern  Wis- 
consin.   Food,  small  rodents  and  dead  animals.    BeneficiaL 

XjRSIDiE. 

19.  Ursus  Americanus,  Pallas.  Black  Bear.  Found  frequently  in  the  north- 
em  and  central  parts  of  the  state.  Carnivorous.  Eats  also  roots,  berries,  nuts, 
com,  etc.    Injurious. 

20.  Ursus  cinnamomum,  Audubon  and  Bachman.  Cinnamon  Bear,  This  is  a 
large  and  long-legged  variety  of  the  preceding,  found  very  rarely  in  northern 
Wisconsin.    Injurious. 

Pbocyonidjb. 

21.  Procyon  lotor.  Linnaeus.  Raccoon.  Found  in  all  parts  of  the  state,  in 
heavy  timber  and  swamps.    Food,  frogs,  clams,  eggs,  green  corn.    Injurious. 

Cebvidje. 

22.  Cervus  dices.  Harlan.  Moose.  Found  very  rarely  in  the  hardwood  timber 
in  northern  Wisconsin.  It  is  rapidly  becoming  extinct  in  this  state.  Food,  grass, 
and  the  leaves,  twigs  and  bark  of  the  maple.  Valuable  for  their  flesh  and  hides. 
Beneficial. 

23.  Cervus  Canadensis,  Erxleben.  Elk.  Occurs  very  rarely  in  northern  and 
central  Wisconsin.  It  was  formerly  quite  numerous,  but  is  now  almost  extinct. 
Food,  grass,  branches  of  willow,  buds,  twigs  and  lichens.     Beneficial. 

24.  Cervus  Virginianus.  Boddaert.  Common  Deer.  The  deer  are  still  quite 
numerous  in  Wisconsin,  especially  in  the  uninhabited  districts.  Their  food  is 
quite  similar  to  the  preceding.  They  are  valuable  for  their  fiesh  and  hide. 
BeneficiaL 

V£SPEBTIUONIDJ£. 

Within  the  confines  of  Wisconsin,  eight  species  of  bats  have  been  observed. 
They  are  all  insectivorous  and  nocturnal  in  their  habits.  During  the  day  they 
conceal  themselves  in  bams  and  outbuildings,  and  in  caves  and  clefts  of  the 
rocks,  finding  also  congenial  haunts  in  the  dark  recesses  of  the  forest  and  swamps. 
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They  are  most  frequently  seen  at  evening  in  the  vicinity  of  groves,  and  bat  sel- 
dom on  the  prairie.    They  are  embraced  in  the  following  list: 

25.  VcspertUio  subiUatus.    Say.    Little  Brown  Bat. 

26.  Veapertilio  lucifuffua.    Leconte.    Blunt  Nosed  Bat. 

27.  txiaiurus  noveboracensis.    Tomes.    Red  Bat. 

28.  Lasiurus  pruinosua.    Say.    Hoary  Bat. 

29.  Scotophilus  fuscus,    Palisot.    Brown  Bat. 

80.  Scotophilus  Carolifiensia.    G.  St.  Hilaire.    Carolina  Bat. 

81.  Scotophilus  noctivagans,    Leconte.    Silvery  Bat. 

82.  Scotophilus  Chorgianus,    H.  Allen.    G^rgia  Bat. 

88.  Scalops  argentatus,  Bachman.  Silvery  Mole.  Found  in  the  prairie  regions 
of  southern  and  central  Wisconsin.  It  feeds  on  the  larvaa  of  insects,  earth- 
worms, grubs,  slugs,  and  other  worms  which  are  injurious  to  growing  crops. 
Beneficial. 

84.  Condylura  cristata.  Tjinnasus.  Star-nosed  Mole.  Occurs  in  the  same  re- 
gions as  the  preceding.    Its  food  and  habits  are  also  similar.    BeneficiaL 

SORECIDjE. 

The  shrews,  by  reason  of  their  diminutive  size  and  nocturnal  habits,  are 
animals  which  are  seldom  seen  and  concerning  which  it  is  difficult  to  procure 
reliable  information.  They  are  quite  generally  distributed  throughout  the  state. 
They  burrow  much  deeper  than  the  moles,  and  unlike  them  seek  their  food  at 
night  on  the  surface  of  the  ground.  Their  food  consists  of  insects,  the  carcasses 
of  smaU  animals,  and  the  seeds  of  various  weeds.  They  are  probably  rather 
beneficial  than  injurious.  They  are  comprised  so  far  as  known  in  thn  following 
list: 

85.  Sorex  Cooperi,    Bachman.     Ckxjper's  Shrew. 
36.  Sorcx  platyrhinus.    De  Kay. 

87.  Sorex  Richardsonii.    Bachman.     Richardson's  Shrew. 

88.  Sorex  Hoy  I.     Baird.     Hoy's  Shrew. 

89.  Blarina  talpoides,    Gapper. 

40.  Blarina  brevicauda.    Say.    Mole  Shrew. 

MURIDJL 

41.  Jaoulus  Hudsonius.  Baird.  Jumping  Mouse.  Found  occasionally  in  nearly 
all  parts  of  the  state.  Food,  the  seeds  of  \arious  weeds,  also  nuts  and  grain. 
Probably  less  injurious  than  beneficial. 

42.  yfus  muscidus,  Linnaeus.  Common  Mouse.  Found  in  all  inhabited  dis- 
tricts.    It  also  lives  in  the  fields  in  burrows.     Omnivorous.     Injurious. 

48.  Mus  rattus,  Linnaeus.  Black  Rat.  This  rat  is  not  of  frequent  occurrence, 
owing  to  the  free  occupation  of  our  houses  by  the  Brown  or  Norway  Rat.  It  is 
omnivorous  and  injurious. 

44.  Mus  decumanus,  Pallas.  Brown  or  Norway  Rat.  The  habits  and  depre- 
dations of  this  house  rat  are  well  known.  It  exterminates  the  black  rat.  Om- 
nivorous.    Injurious. 

45.  Hesperomys  leucopus,  Wagner.  White-footed  Wood  Mouse,  Occurs  fre- 
quently in  the  timbered  portions  of  the  state.  Its  food  is  grass  seed,  grain  of 
all  kinds,  com,  nuts.  Sometimes  also  it  destroys  fruit  trees  by  gnawing  the 
bark.    It  seldom  burrows  in  the  ground.     Injurious. 

46.  Hesperomys  Bairdii,    Hoy  and  Kennicott.    White-footed  Prairie  Mouse. 
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Found  in  the  prairie  regions  of  Wisconsin.    Food,  seeds,  grain,  insects.    They 
are  very  injurious  to  prairie  nurseries.     Injurious. 

47.  Hesperomys  Michiganensia,  Audubon  &  Bachman.  Prairie  Mouse.  Lo- 
cality and  liabits  similar  to  the  preceding.    Injurious. 

48.  Arvicolfl  austerus,  Leconte.  Prairie  Meadow  Mouse.  Quite  abundant  in 
the  prairie  regions  of  southern  and  central  Wisconsin.  It  burrows  and  lays  up 
stores  of  food.  Its  food  consists  of  grasses  and  plants  with  their  seeds  and 
roots,  grain,  com,  hay,  vegetables,  and  the  bark  and  roots  of  fruit  trees,  to 
which  they  are  very  destructive.  The  arvicolas  may  be  classed  among  our 
most  injurious  mammals.  The  habits  and  distribution  of  our  other  meadow 
mice  are  quite  similar.    They  comprise  the  following  species: 

49.  Arvicola  ripariua.    Ord.    Meadow  Mouse. 
60.  Arvicola  pinetorum,    Leconte.    Pine  Mouse. 

51.  Arvicola  Oapperi,    Vigors. 

52.  IHber  Zibethicus.  Cuvier.  Muskrat.  Found  near  lakes  and  streams  in 
all  parts  of  the  state.  Habits,  aquatic  and  nocturnal.  Food,  roots  of  aquatic 
plants  and  moUusca.    Valuable  for  its  fur.    Beneficial. 

CASTORID.S. 

53.  Castor  fiber.  LinnsBUS.  American  Beaver.  Occurs  occasionally  on  some 
streams  in  the  northern  part  of  Ihe  state.  Food,  roots  of  aquatic  plants,  the 
bark  of  certain  trees,  especially  the  birch  and  willow,  also  berries  and  leaves 
and  some  kinds  of  herbage.  It  is  valuable  for  its  fur,  and  is  rapidly  becoming 
extinct  in  Wisconsin.    Beneficial. 

SCIURID^. 

54.  Sciurus  Sayi.  Audubon  and  Bachman.  Fox  Squirrel.  '  Found  in  the  oak 
openings  and  groves  in  the  southern  and  eastern  parts  of  the  state.  Food,  nuts 
of  various  kinds  and  corn.  In  the  spring  it  eats  the  buds  of  trees,  especially 
hickory  and  oak.  Compared  with  other  species  they  are  not  numerous.  In- 
jurious. 

55.  Sciurus  migratorius,  Audubon  and  Bachman.  Gray  Squirrel.  Numerous 
in  the  southern  and  central  portions  of  Wisconsin.  Food,  seeds  and  nuts  of 
several  kinds,  also  corn  and  grain  when  there  is  a  deficiency  of  its  natural  food. 
Injurious. 

56.  Sciurus  niger,  LinnsBUS.  Black  Squirrel.  Occurs  rarely  in  the  same  lo- 
calities as  the  preceding,  of  which  it  is  a  variety.  Its  food  and  habits  are  the 
same.    Injurious. 

57.  Sciurus  Hudsonius,  Pallas.  Red  Squirrel.  Found  abundantly  in  the 
northern  and  central  parts  of  the  state,  especially  in  the  pine  groves.  Food, 
nuts  and  seeds  of  various  kinds,  especially  those  of  the  wliite  pine.  In  the  vi- 
cinity of  cornfields  it  is  sometimes  quite  injurious. 

58.  Pteromys  volucella,  Pallas.  Flying  Squirrel.  Occurs  occasionally  in 
nearly  all  parts  of  Wisconsin.  Food,  nuts  and  seeds  of  various  kinds.  As  it 
seldom  or  never  leaves  the  timber,  it  can  scai'cely  be  considered  injurious. 

59.  Pteromys  Hudsonius,  Gmelin.  Northern  Flying  Squirrel.  Foimd  occa- 
sionally in  northern  Wisconsin.  Its  food  and  habits  are  similar  to  the  preced- 
ing. 

60.  Tamias  striatus,  Linnaaus.  Chipmunk.  Occurs  in  nearly  all  parts  of 
Wisconsin,  most  numerous  in  thickets  and  groves,  avoiding  both  the  open  prairie 
and  the  largest  timber.  Its  food  is  nuts  and  seeds  of  several  kinds,  also  grain. 
Not  injurious  unless  very  numerous. 
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61.  Tamias  qtuidrivittatus.  Say.  Four-Striped  Squirrel.  Found  in  northern 
and  central  Wisconsin.  Food,  nuts  and  the  seeds  of  plants  and  grasses,  also 
the  seeds  of  the  white  pine.    Its  habits  are  generally  similar  to  the  preceding. 

62.  Spermqphilfjuitridecemrlineattis.  Audubon  and  Bachman.  Striped  Ck>pher. 
Very  abundant  in  all  the  prairie  regions  of  the  state.  Food,  roots  and  seeds  of 
many  grasses  and  weeds,  grasshoppers,  insects,  field  mice.  They  are  sometimes 
very  destructive  to  cornfields  and  gardens  in  the  vicinity  of  the  imcultivated 
prairie,  but  it  seems  probable  that  this  is  more  than  counterbalanced  by  their 
destruction  of  injurious  insects  and  weeds.    Beneficial. 

68.  Spermophihu  Frariklini,  Sabine.  Oray  Qopher.  Occurs  in  all  the 
prairie  regions,  but  not  so  abundantly  as  the  preceding.  Food,  plants,  grasses, 
seeds  and  grain.    It  frequently  inhabits  cultivated  fields.    Injurious. 

64.  Qeomyshuraarius,  Shaw.  Pouched  Qopher.  Occurs  rarely  in  the  prairie 
regions.    Food,  insects,  seeds  and  grain.    Injurious. 

65.  Arctaniys  monax.  Linnseus.  Wood-chuck.  Found  in  nearly  all  the  tim- 
bered districts  of  the  state.  Food,  roots,  seeds,  grasses,  especially  clover.  It 
burrows  in  the  ground,  and  is  not  injurious  unless  numerous. 

HTSTBIdDiB. 

66.  Hystrix  dorsata,  Audubon  and  Bachman.  Canada  Porcupine.  Occurs 
frequently  in  the  hardwood  timber  in  the  northern  and  central  portions  of  Wis- 
consin. Food,  bark  of  the  hard  maple,  elm,  hemlock,  and  basswood.  It  is  not 
otherwise  destructive. 

LEFOBID.S. 

67.  Leptu  Americanu8.  Audubon  and  Bachman.  Northern  Hare.  Found 
only  in  the  northern  and  central  parts  of  the  state.  Food,  grass,  leaves,  buds, 
berries,  and  the  bark  of  the  willow,  birch,  poplar,  hazel,  and  young  pine.  It 
turns  white  in  the  winter  and  gray  in  the  summer.  Valuable  for  food.  Bene- 
ficial. 

68.  Lepu8  aylvatictu,  Audubon  and  Bachman.  Gray  Rabbit.  Abundant  in 
the  central  and  southern  parts  of  the  state.  It  is  much  smaller  than  the  preced- 
ing, and  does  not  change  color  in  the  winter.  Its  food  is  essentially  the  same. 
It  is  sometimes  injurious  to  orchards  and  nurseries. 

DiDELPHIDJE. 

69.  Diddphys  VirginiancL  Shaw.  Opossimi.  Found  occasionally  in  the  vicin- 
ity of  Lake  Michigan.  Its  habits  are  nocturnal.  It  is  omnivorous,  feeding  on 
nuts,  berries,  grain,  roots,  vegetables,  insects,  worms,  larvse,  birds,  eggs,  mice 
and  other  small  animals. 


CHAPTER  XI. 


ECONOMIO  EELATIONS  OF  "WISCONSIN  BIRDS 

Bt  F.  H.  KiKO. 

PREFATORY  LETTER. 

RivEB  Falls,  Wis.,  Not.  6, 188S. 
Prof.  T.  C.  Chambbblin, 

Chief  Qeologist: 

Herewith  I  transmit,  in  compliance  with  your  request,  a  report  on  the 
Economic  Relations  of  the  Birds  of  Wisconsin,  to  be  published  under  the 
auspices  of  the  Wisconsin  Geological  Survey. 

The  field  work,  which  forms  the  basis  of  this  report,  was  commenced  at  your 
suggestion,  as  you  are  aware,  in  July,  1878,  and  was  prosecuted,  as  time  could  be 
devoted  to  it,  until  October,  1877.  The  funds  which  could  be  appropriated  to 
this  work  did  not  permit  of  the  collection  of  materials  from  the  various  por- 
tions of  the  state,  consequently  the  data  presented  were  gleaned,  very  largely, 
from  a  collection  of  birds  obtained  in  Walworth,  Jefferson,  Green  Lake,  Wau- 
shara, Waupaca  and  Price  counties,  a  territory  which  lies  well  back  from  the 
main  water  routes,  along  which  the  strongest  currents  of  the  stream  of  purely 
migratory  species  are  likely  to  be  found.  This  fact  will  doubtless  explain  in 
part  the  conspicuous  absence  of  personal  observations  relative  to  species  which 
have  been  reported  as  abundant  in  contiguous  territory.  The  same  conditions 
which  circumscribed  the  field  of  observation  also  limited  the  time  which  could 
be  devoted  to  field  work,  to  the  months  of  July  and  August  and  the  early  part 
of  September,  and  while  an  effort  was  made,  with  a  degree  of  success,  to  secure 
specimens  at  other  times  of  the  year,  yet  the  report  has  lost,  in  a  measure,  that 
roimdness  and  fullness  which  could  have  been  desired. 

The  facts  recorded  in  the  report  were  obtained  from  an  examination  of  the 
contents  of  the  stomachs  of  over  eighteen  hundred  birds,  sixteen  hundred  and 
eight  of  which  contributed  results  which  have  been  incorporated  in  the  report. 

The  contents  of  one-half  of  the  stomachs  were  examined  under  the  hand- 
lens  on  the  day  they  were  obtained,  while  the  contents  of  seven  hundred  and 
fifty  were  transferred  at  once  to  small  apothecary  phials  containing  alcohol, 
and  were  carefully  labeled  with  a  tag.  This  material  I  was  permitted  to  study 
much  more  in  detail  through  the  kindness  of  Prof.  J.  H.  Comstock,  of  Cornell 
University,  who  granted  me  a  seat  in  the  Entomological  Laboratory,  together 
with  the  free  use  of  specimens  and  apparatus.  I  desire  to  express  here,  too,  my 
appreciation  of  the  personal  assistance,  besides  that  coming  from  a  sojourn  of 
six  months  in  the  sunshine  of  a  warm  heart,  which  Prof.  Comstock  was  able  to 
give  me.  He  should  in  no  sense,  however,  be  held  responsible  for  errors  which 
may  have  occurred  in  the  identification  of  insects  found  among  the  food  of  the 
birds. 

The  examination  of  the  material  which  had  been  collected  was  completed  in 
.Tune,  1878,  and  the  report  essentially  completed  before  the  middle  of  the  fol* 
lowing  August,  but,  knowing  that  it  would  not  be  needed  for  publication  in^ 
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mediately,  I  preferred  to  retain  the  manuscript  mitil  the  latest  possible  date  in 
order  to  retouch  it  as  might  seem  desirable.  This  has  been  done  so  far  as  prac- 
ticable. The  valuable  results  obtained  by  Prof.  S.  A.  Forbes  in  regard  to  the 
food  of  birds  of  Illinois  has  been  included,  and  the  whole  nomenclature  has  been 
made  to  confonh  with  Dr.  Cones'  new  "  Check  List  of  North  American  Birds." 

Following  my  own  notes  on  the  food  of  each  species  examined,  there  have 
been  given  such  other  apparently  authentic  records  of  food  as  could  be  obtained. 
This  supplementary  information  is  far  from  being  as  complete  as  I  had  hoped  to 
make  it,  and  I  fear  not  so  accurately  transferred  as  it  should  have  been,  for  it 
has  been  impracticable  to  compare  the  transcript  with  the  originals.  I  regret 
this  the  more,  since  the  items  were  jotted  down  during  the  odd  moments  which 
fell  between  other  absorbing  duties. 

The  amount  of  specific  information  which  it  has  been  possible  to  present  in 
regard  to  the  food  of  our  birds  may  seem  unduly  small  compared  with  the 
amoimt  of  material  which  has  been  examined.  Larger  results  might  have 
been  obtained  had  the  materials,  after  having  been  classified  in  a  general 
way,  been  subjected  to  a  careful  examination  by  entomologists  expert  in  the 
various  departments.  Birds  rarely  swallow  an  insect  of  any  size  without  tak- 
ing especial  care  to  severely  mutilate  it  first,  and  I  have  no  doubt  that  the  bird 
has,  in  his  own  mind,  the  best  of  reasons  for  doing  so.  One  may  easily  imagine 
the  commotion  which  might  come  of  introducing  an  able-bodied  ground-beetle 
or  a  centipede  grown  expert  in  elbowing  his  way  through  all  sorts  of  tortuous 
and  impassable  galleries.  It  is  this  fragmentary  character  of  the  food  which 
has  made  it  so  difficult  to  classify  the  insects  which  had  been  eaten  by  the  birds 
obtained.  But  had  it  been  possible  to  identify  specifically  the  7,6G3  insects,  etc., 
taken  from  the  stomachs  of  the  1,608  birds,  this  would  have  been  by  far  the 
smallest  part  of  the  task  set,  for  then  it  would  be  required  to  oommand  a  full 
and  broad  knowledge  of  the  economic  relations  of  the  insects  eaten.  But  with 
this  difficulty  solved  we  must  recognize  still  another  of  greater  magnitude  and 
higher  degree. 

Because  of  these  great  difficulties  inherent  in  the  task  itself,  and  the  ample 
grounds  they  present  for  difference  of  opinion  in  regard  to  final  conclusions,  it 
has  seemed  very  desirable  that  there  should  be  presented  some  of  those  general 
considerations  which  have  served  as  guides  to  the  classification  adopted.  These 
considerations  are  presented  as  an  introduction  to  the  body  of  the  report. 

There  remains  now  the  pleasant  duty  of  thanking  you  for  the  privilege  of 
having  struggled  with  a  difficult  task,  and,  while  the  hopes  you  have  enter- 
tained may  find  in  this  report  but  a  faint  realization,  it  is  trusted  that  enough 
of  real  value  may  be  found  in  it  to  repay  the  labor  devoted  to  its  preparation. 

Very  respectfully  yours, 

F.  H.  Kino. 

INTRODUCTION. 

The  discordant  views  held  by  prominent  ornithologists  and  entomologists,  in 
regard  to  the  value  of  birds  as  insect  destroyers,  and  particularly  in  regard  to 
the  actual  and  comparative  value  of  certain  species,  prove  conclusively  that 
some  of  them  have  reached  their  conclusions  on  insufficient  or  false  data.  For 
this  reason,  and  because  it  appears  that  many  more  facts  must  be  gleaned  and 
collated  before  final  conclusions  in  regard  to  the  economic  value  of  birds  can  be 
reached,  it  is  deemed  advisable  to  consider  briefly,  as  introductory  to  what  fol- 
lows, some  of  the  more  important  factors  which  should  enter  into  the  solution 
of  the  problems  of  economio  ornithology. 
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The  most  difficult  and  intricate  problem  of  economic  ornithology  is  that  of 
the  food  of  birds.  In  the  discussion  of  this  question  it  will  be  most  convenient 
to  bring  that  which  birds  eat  under  the  two  heads,  (1)  Vegetation  and  Vegetable 
Matter,  and  (2)  Animals  and  Animal  Matter,  The  food  of  birds  thus  grouped 
must  be  further  identified  as  belonging  to  one  or  the  other  of  the  following 
classes: 

(1)  That,  the  consumption  of  which  is,  on  the  whole,  a  service  to  man. 

(2)  That,  the  consumption  of  which  is,  on  the  whole,  an  injury  to  m>an. 

To  determine  what  birds  do,  or  may  under  forced  conditions,  eat  is  certainly 
a  very  difficult  question,  and  many  of  the  problems  which  must  be  solved  before 
their  food  can  be  properly  classified  as  indicated  embrace  the  extreme  of 
intricacy.  That  this  classification  must  be  made  before  final  coucluaions  can 
be  reached,  I  think  all  will  agree;  that  such  a  classification  can  ever  be  made 
complete  and  unquestionable,  there  are  grave  reasons  for  doubting;  but  that  a 
desirable  approximation  to  completeness  is  possible,  we  may  feel  confident. 

So  much  is  yet  to  be  learned  in  regard  to  the  real  and  potential  industrial 
relations  of  the  plants  and  animals  affected  by  birds,  that  whatever  may  now 
be  said  upon  the  subject  must  be  regarded  as  open  to  modification  by  more 
detailed  and  careful  future  work. 

Beneficial  services  on  the  part  of  birds  may  be  stated  under  the  following 
propositions: 

(1)  A  bird  renders  a  service  when  it  is  injurious  or  destructive  to  plants  which 
are  to  be  regarded  detrimental.  This  may  occur  when  the  bird  consumes  the 
foliage,  buds,  inner  bark,  blossoms  or  seeds  of  injurious  plants. 

The  principal  service  which  our  birds  render  in  this  direction  is  in  the  con- 
sumption of  the  seeds  of  weeds;  and  the  number  which  they  destroy  in  the 
course  of  a  season  is  very  great.  From  the  stomach  and  crop  of  one  Carolina 
Dove  were  taken  4,016  seeds  of  the  common  pigeon  grass,  Setaria  glauca.  The 
service  which  a  bird  renders  in  this  line,  however,  is  not  to  be  regarded  as  always 
proportionate  to  the  number  of  seeds  which  it  consumes,  for  the  mere  act  of 
cultivation,  necessary  to  many  crops,  so  effectually  controls  these  weeds  that 
but  little  work  is  left  for  birds  to  do.  Birds,  therefore,  which  possess  many  very 
serious  traits,  and  have  only  the  habit  of  feeding  upon  the  seeds  of  weeds  in 
their  favor,  must  be  looked  upon  as  of  doubtful  utility. 

(2)  A  bird  renders  a  service  when  it  feeds  upon  injurious  mammals.  Squir- 
rels, gophers,  rats,  mice,  and  hares  are  the  principal  ones,  regarded  as  noxious, 
which  are  preyed  upon  by  our  birds.  They  are  among  the  smallest,  the 
most  prolific,  and  the  most  destructive  of  mammals.  All  of  them  are  largely 
herbivorous  or  frugivorous,  but  some  of  them  are  somewhat  carnivorous. 
All  are  familiar  with  the  havoc  which  rats  often  make  among  young  chick- 
ens and  ducks.  The  ground  squirrels  are  said  to  feed  occasionally  upon 
insects  and  upon  mice.  Occasionally,  at  least,  the  little  red  squirrel  plunders 
birds*  nests  of  their  eggs.  In  June  of  1878,  as  Prof.  W.  A.  Kellerman  and  myself 
were  passing  through  the  cemetery  at  Ithaca,  N.  Y.,  our  attention  was  attracted 
to  an  evergreen,  standing  near  the  walk,  by  a  pair  of  Robins,  which  were  dash- 
ing wildly  about  among  its  branches.  On  examining  the  tree,  the  nest  of  the 
birds  was  discovered,  and  just  below  it  sat  a  Chickaree  eating  one  of  the  Robin's 

eggs- 

An  instance  similar  to  the  above  is  mentioned  by  Edgar  A.  Mearns,  in  the 

Bulletin  of  the  Essex  Institute,  Vol.  X,  1878.     He  says:  "Among  the  Robin's 

worst  enemies  may  be  ranked  the  red  squirrels  fSciurius  hudsoniusj,  for,  though 

their  young  are  subject  to  the  attacks  of  Crows,  Jays,  and  particularly  to  the  rav- 
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as  mncii  in jnrj  as  the  aquiudh,  hucinf ,  not  oolj  do  tfaej 
the  eggs,  but  the  jomg  aie  ate 
.    .    .    On  the  iiMMBiDg  in  qMeauon,  a  i 
ami  ai  the  woods,  ancended  to  thii  nest,  asd  woaki  k^Te  deitroycd  all  the 
ones  had  not  the  paiem  retaracd  JMt  at  the  critical 
oeeded  in  dfiring  the  squimJ  xwmj^  but  not  nntO  one  o€ 


In  the  sfving  <tf  1979 1  placed  tibe  joong  <tf  the  Cliipping  Spamyvintibe 
with  a  yonngpet  flying  sqfginel  /'SdmropiermM  voimeeOaj.    The  bird 
and  killed  but  not  eaten. 

pnctioe  among  squiiicis  ma j  be  I  do  not  know; 
litde  red  smiitiel  and  its  newer  allies  majbe  formidabls 
d  nenilj  aD  ovr  snail  woodland  biids. 
The  fact.  too.  that  nts  and  groond  aqaineli  aie  eamifcgous^  to  some  extent, 
soggestB  that  these  mar  be  deatmotiTe  to  birds  which  nest  upon  the  ^uund  in 
fields  and  on  the  piairieSb  lOoeaiepfejedapGo  toaooosidersUeextentby 
of  the  Hawks,  and  Owls,  and  psobahlj  ate  by  the  Sand-hill  Ouie.  but 
birds  ai  prer  are  espedaSij  serrioeafale  in  destroying  squirrels  and  gophers  ma j 
be  y*^^»^^TtaH^ 

(3)  A  bird  doeM  mm  a  bemefU  Kkem  it  feeds  wpom  iii^ptriamM  birds.    This  head  is 
intiodnoed  here,  not  becaose  any  d  oar  birds  are  known  at  present  to 

it  HuoeesU  a  field  in 


(4)  A  bird  asaiais  ms  wkem  it  feeds  upom  iMfmriom*  reptUes,    Of    the  reptiles 
peeyed  npon  by  birds,  ovr  larger  siakes  are  the  only  ones  to  be  regarded  aa 

are  not  Tenomoos  hare  been  ri^swed  among 


fl«i>«^u  because  they  feed  to  some  extent  upon  mice  and  insects^  This  dasfiifi- 
cation,  however,  so  far  as  it  inclodes  the  larger  species  ot  sn^ke^,  appears  to  be, 
at  present,  unwarrantable.  The  fact  that  snakfis  also  eat  snail  birds  and  birds^ 
eggs,  toads,  frogs,  salamanders,  and  some  of  them  tbh.  is  cooclxisaTe  proof  that 
they  do  some  injury.  While  my  own  obaerratiocs  indicate  that  hcAh  insects 
and  mice  are  eaten  by  th^rm,  yet  frogs  and  toads  appear  vrj  form  by  far  the  larger 
part  of  their  f'lxd.  at  least,  that  of  oar  coounon  garter  siake.  From  the  stomach 
of  a  large  striped  snake  <£miaimia  sirtalUy  were  taken  eleven  gr^ycud  beiedes, 
two  elaters.  oiMr  hanieShojm.  beetle,  three  caterpdiars.  one  millipede.  a2>d  one  larpe 
tottd.  Leaving  oct  of  this  acooont  the  toad,  it  will  be  seen  that,  in  this  partico- 
lar  instance,  the  snake  had  done  a  greater  injury  than  a  service,  for  the  groond 
beetles,  usually  regarded  as  beneficial,  nearly  double  in  number  all  the  other 
injects  combined.  The  fact  that  during  the  seasc^n  wben  insects  are  skmn  iant^ 
fiMilr<^  are  often  found  with  their  stomaHis  entirely  empry.  sag^^t>t&  that,  with 
some  species,  at  least,  insects  are  only  make-shifts  for  fo:*!.  It  should  be 
observed  in  this  connection  that  all  wiakes  are  capable  of  endurinz  a  long  fast 
without  apparently  suftering  any  very  great  inconveniexKe.  If.  th-E-n.  it  is  true 
that  insects  are  c^y  eaten  in  default  of  other  f ood«  the  serrioe^  of  snakes  in 
this  direction  mnst  be  much  smallpr  than  might  otherwise  be  expected. 

Our  frogs  and  toads  in  the  adult  stage,  so  far  as  is  known,  are  entirely  in- 
sectivorous. azKi  are,  therefore,  tiannless.  except  so  far  as  they  may  be  destmc- 
tire  to  tiseful  insects.  Toads  are  nocturnal  in  their  habits  and  f€*e*i  upcin  the 
ground  in  gardens  and  fields  where  there  are  few  animals,  exoepi  the  shrews 
ytwj  moles,  to  take  their  place.  Some  of  the  frogs,  too.  ^K'od  the  summer  in 
fifMf  and  meadows  wfaevs  birds  are  few,  and  oonseqfoeaitly  hare  a  ^lectal 
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to  perform.  Few  birds,  and  certainly  no  snake,  can  be  more  senrioeable,  as  in- 
sect destroyers,  than  these  animals.  The  facility  with  which  some  snakes  climb 
trees,  and  the  stealthiness  with  which  all  may  approach  their  prey  upon  the 
groimd,  give  them  great  advantage  over  birds  during  the  breeding  season.  That 
the  common  striped  snake  will  devour  even  large  mature  birds,  when  it  can  ob- 
tain them,  is  proved  by  an  instance  which  came  imder  my  observation  last  sum- 
mer. On  returning  to  camp,  after  a  morning's  excursion,  a  large  striped  snake 
was  seen  in  the  act  of  swallowing  a  Downy  Woodpecker,  which,  with  several 
other  birds,  had  been  thrown  upon  the  ground  after  its  stomach  had  been  re- 
moved for  examination.  Only  the  tail  feathers  were  protruding  from  the  snake's 
mouth  and  all  of  the  feathers  were  intact.  The  same  snake  had  already  swal- 
lowed a  f  uU-grown  Catbird,  with  its  entire  plumage,  and  having  only  its  stomach 
removed.  The  fact  that  a  snake  is  sufficiently  strong  to  seize  and  hold  lai^e 
toads  and  frogs  indicates  that  they  are  abundantly  able  to  hold  any  of  our 
common  birds,  provided  they  come  within  their  grasp. 

Although  ten  or  more  species  of  our  birds  prey  to  some  extent  upon  snakes, 
these  birds  are  either  destructive  to  other  birds,  or  to  frogs  .and  toads,  or  to  both; 
it  does  not  follow,  therefbre,  that  their  services  should  be  retained  simply  be- 
cause they  are  destructive  to  snakes.  Snakes,  owing  to  their  slow  movements, 
are  much  more  easily  controlled  by  direct  means  than  most  other  animala. 

(5)  A  bird  renders  a  service  when  it  feeds  upon  insects  which  are  injurious  or 
destructive  to  useful  animals,  plants  or  materials,  and  which  are  not  extensively 
destructive  to  noxious  forms  of  life.  It  is  in  the  destruction  of  the  members  of 
this  group  that  birds  are  chiefly  serviceable,  not  only  because  insects  are  among 
the  most  prolific  and  the  most  destructive  forms  of  life  with  which  we  have  to 
contend,  but  because  their  small  size  and  their  habits  make  it  very  difficult  to 
oppose  them  by  any  direct  means.  While,  as  entomologists  have  claimed,  the 
most  potent  checks  against  these  animals  are  among  the  members  of  their  own 
class,  yet,  that  these  are  not  adequate  to  our  needs,  is  conclusively  proved  by 
the  results  which  have  invariably  followed  from  the  wholesale  slaughter  to 
which  birds  have  been  subjected  from  time  to  time  in  different  countries. 
Wherever  the  English  Sparrow,  the  bird  so  much  decried  in  our  country  of  late, 
has  been  exterminated  in  Europe,  noxious  insects  are  said  to  have  followed  in 
such  abundance  that  it  has  not  only  been  gladly  reinstated,  but  is  now  protected 
because  it  accomplishes  what  parasitic  and  predaceous  insects  are  unable  to  do. 
When  it  is  argued  that  birds  feed  indiscriminately  upon  beneficial  and  noxious 
insects,  it  should  be  observed  that  predaceous  insects  do  the  same,  and  that 
parasites  have  their  parasitic  foes. 

Birds  are  insignificant  in  numbers  when  compared  with  the  abundance  of 
parasitic  and  predaceous  insects,  but  their  larger  size,  their  active  habits,  their 
longer  lives,  the  greater  facility  with  which  they  move  about,  and  the  greater 
range  of  country  over  which  they  roam,  go  far  toward  compensating  for  smaller 
numbers.  It  should  be  added,  also,  that  birds,  either  in  one  place  or  in  another, 
are  consuming  insects  throughout  the  year,  while,  in  the  temperate  zones,  pre- 
daceous and  parasitic  insects  do  nothing  during  one-half  of  that  time.  No  insect 
is  so  large  but  that  any  bird  may  destroy  it  while  it  is  passing  through  one  or 
more  of  its  stages,  and  few  are  so  small  as  not  to  attract  the  attention  of  many 
of  our  birds.  The  White-Bellied  Swallow  captures  on  the  wing  plant-lice  and 
flies,  smaller  than  the  wheat  midge.  The  Purple  Finch,  and  some  of  the  War- 
blers, feed  extensively  upon  plant-lice.  Chalcidian  and  other  parasitic  flies,  less 
than  a  tenth  of  an  inch  long,  have  been  taken  from  the  stomach  of  several  of 
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our  birds,  even  from  that  of  the  Swamp  Sparrow,  a  bird  which  rarely  pursaes 
its  prey  upon  the  wing  and  which  is  counted  among  the  seed-eating  forms. 

The  nocturnal  habits,  which  so  many  insects  possess,  do  not  offer  such  absolute 
protection  against  birds  as  some  appear  to  think.  Lepidopterous  insects,  so 
many  of  which  deposit  their  eggs  under  the  cover  of  night,  feed  in  the  larval 
state,  with  some  exceptions,  during  the  day,  and  this  is  the  longest  and  so  the 
most  dangerous  period  of  their  existence,  as  it  is  the  most  destructive.  But 
even  when  hidden  during  the  day,  insects  are  not  secure;  birds  have  learned 
their  hiding  places  and  search  them  out,  and  some  of  them  make  this  the  busi- 
ness of  their  lives.  The  Woodpeckers,  Nuthatches  and  Creepers  capture  those 
that  have  hidden  beneath  the  bark  and  in  the  crevices  on  the  trunks  and 
branches  of  trees;  Warblers,  Vireos  and .  Flycatchers  destroy  those  that  betake 
themselves  to  the  undersides  of  leaves;  and  the  Thrushes,  Finches  and  Star- 
lings pick  up  those  that  seek  security  upon  the  ground  and  among  the  grass. 
"  Mimicry,**  though  protective,  doubtless,  to  some  extent,  does  not  lessen  the 
service  which  birds  render.  It  simply  tends  to  throw  the  heaviest  attacks  upon 
the  more  conspicuous  forms.  But  protective  colors,  forms  and  surfaces  can 
hardly  be  as  effectual  against  birds  as  against  predaceous  insects,  for  they  sur- 
vey their  field  from  a  more  advantageous  point  of  view,  and  they  discriminate 
well  objects  both  remote  and  close  at  hand.  Besides,  birds,  and  predaceous  in- 
sects as  well,  learn  to  see  as  collectors  learn  to  collect.  They  become  experts  in 
their  business,  and  this  is  of  as  great  an  advantage  to  them  as  **  mimicry"  can 
be  to  other  forms. 

While  many  of  our  troublesome  insects  spend  their  larval  states  in  the  stems 
of  plants,  in  various  fruits  or  beneath  the  ground,  feeding  upon  the  roots  of 
plants  beyond  the  reach  of  most  birds,  yet  even  these,  while  searching  for  places 
in  which  to  undergo  their  transformations,  and  in  the  winged  state,  are  de- 
stroyed by  birds  in  large  numbers.  If  birds  do  not  exterminate  noxious  insects, 
they  nevertheless  perform  a  serviceable  mission  by  holding  them  within  certain 
limits. 

That  an  approximate  estimate  may  be  made  of  the  amount  of  work  which 
birds  do  in  destroying  insects,  the  table  given  below  has  been  prepared.  The 
first  four  columns  are  compiled  from  notes  taken  in  Jefferson  county,  between 
July  81st  and  August  7,  1878;  those  in  the  last  four  columns  are  from  notes 
taken  in  the  vicinity  of  Ithaca,  N.  Y.,  in  June  of  1878.  In  each  column,  opposite 
the  name  of  the  species,  is  given  the  number  of  individuals  which  were  observed 
in  traveling  the  distance  that  is  given  near  the  foot  of  each  column.  The  item, 
**  Birds  seen  or  heard,  but  not  named,*'  includes  those  individuals  which  were 
known  to  exist  in  the  territory  passed  over,  but  which,  for  various  reasons, 
could  not  be  identified  with  certainty.  The  two  series  of  observations  are  taken 
for  the  purpose  of  comparison  in  discussing  another  point.  As  will  be  seen 
further  on,  the  different  routes  were  chosen  with  reference  to  certain  topo- 
graphical features,  in  order  that  the  combined  results  might  include  the  pecul- 
iarities due  to  them.  By  referring  to  the  table  it  will  be  seen  that  the  average 
number  of  individuals  observed  per  mile  on  the  four  trips  in  the  two  localities 
bear  a  remarkable  closeness  to  one  another,  that  for  Jefferson  being  about  93 
per  mile,  and  that  for  the  vicinity  of  Ithaca  nearly  57  per  mile.  Since  these 
results  are  so  close  to  one  another,  they  may  be  fairly  assumed  to  represent  a 
definite  factor,  for  the  respective  localities,  at  the  time  the  observations  were 
taken* 
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It  win  probablj  be  far  within  the  limite  of  troth,  if  it  is  aflsomed  thst  the 
average  number  of  birds  observed  per  mile  repfesents  only  one-half  the  actoal 
number  which  existed  on  each  square  mile  at  the  time  it  was  crossed.  At  this 
rate  the  bird  population  of  Jeflferson  would  be  66  per  square  mile,  while  that  of 
the  vicinity  of  Ithaca  would  be  114  per  square  mile.  This  would  give  for  Jeflfer- 
son county  a  total  bird  population  of  d0,096,  and  for  an  equal  area  in  the  vicinity 
of  Ithaca,  51,984.  At  the  rate  of  66  per  square  mile,  an  area  somewhat  less  than 
that  of  our  state  would  have  a  population  of  8,565,000. 

From  the  stomach  of  a  Passenger  Pigeon  were  taken  nine  full-grown  black 
crickets,  and  four  grasshoppers  over  an  inch  long,  together  with  two  large  cater* 
piUars  and  one  harvestman.  From  the  stomach  of  a  young  Partridge,  less  than 
a  week  old^  were  taken  thirteen  caterpillars,  seven  harveetmen  and  one  grub; 
from  that  of  a  Night-hawk  were  taken  five  small  grasshoppers,  eight  large 
square-shouldered  hemiptera,  and  ten  scorpion  bugs,  none  of  which  were  less 
than  three-fourths  of  an  inch  long.  Nine  grammes  of  insect  debris  were  taken 
from  the  stomach  of  another  Night-hawk.  Three  Golden-winged  Woodpeckers 
had  in  their  stomachs,  respectively,  S65,  220,  and  200  ants.  In  the  stomach  ot  a 
Hairy  Woodpecker  were  found  the  remains  of  eleven  grubs  of  long-homed  beetles 
and  thirteen  measuring  worms.  A  Pewee,  SayomiafusctUt  had  in  its  stomach  ten 
ichneumon  flies,  averaging  over  half  an  inch  long,  &Ye  small  moths  and  one  caddis 
fly.  The  actual  amount  of  food  which  the  above  species  eat  during  the  day,  if 
we  except  the  Night-hawk,  is  probably  more  than  three  times  that  which  was 
found  in  their  stomachs.  Fifty  insects  of  the  average  size  would  certainly  be  a 
small  daily  aOowanoe  for  the  average  bird.  One  hundred  and  twenty  days  is 
less  than  the  time  our  summer  residents  are  with  us.  At  the  rate  assumed,  each 
bird  would  consume  6,000  insects.  This  would  give  as  the  aggregate  number  of 
insects  consumed  by  the  birds  calculated  to  occupy  an  area  equal  to  that  of  our 
state,  the  enormous  total  of  21,884,000,000.  Add  to  this  amount  the  work  which 
these  birds  do  in  their  southern  homes,  and  we  have  a  low  estimate  of  the  influ- 
ence they  exert  over  insect  life. 

It  should  be  borne  in  mind  that  less  than  half  of  our  summer  residents  are 
included  in  the  table,  and  tliat  nothing  whatever  has  been  said  in  regard  to  the 
birds  of  passage  which  sweep  the  state  twice  every  year.  1  h  *  insects  which 
these  birds  eat  will  more  than  compensate  for  whatever  other  food  those  birds 
which  have  entered  into  our  computation  may  consume. 

(6)  A  bird  does  us  service  when  it  feedh  upon  noxious  moUusks.  In  damp 
climates,  such  as  exist  in  many  parts  of  Europe,  mollusks  often  become  very 
abundant  and  very  destructive  to  garden  and  field  products.  In  the  United 
States,  however,  but  little  injury  from  them  appears  to  have  been  thus  far 
realized;  and  in  a  climate  like  ours,  but  little  apparently  need  be  anticipated. 
The  fact,  however,  that  slugs  have  occasionally  made  destructive  raids  upon 
strawberry  patches,  should  put  us  sufllciently  on  our  guard  to  look  into  their 
possibilities  for  evil  before  we  attempt  to  drive  oflf  or  destroy  their  natural 
enemies.  It  may  be  remarked  here,  in  passing,  that  a  species  of  Limax,  common 
in  the  grass  at  Ithaca,  N.  Y.,  has  several  times  been  seen  feeding  upon  ripe 
cherries  that  had  fallen  from  the  trees.  Whether,  as  many  slugs  are  known 
to  do,  this  species  will  in  damp  days  ascend  the  trees  to  feed,  is  a  question 
worthy  of  study. 

Mollusks,  and  other  animals  as  well,  may  be,  at  times,  extremely  injurious 
even  when,  so  far  as  their  food  is  concerned,  they  are  practically  harmless.  That 
terrible  disease  known  as  **  fiuke-rot "  or  **  water-rot/*  which  has  destroyed  in  a 
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Bingle  locality  in  Europe,  during  one  season,  800,000  sheep,  and  which  has  mined 
large  herds  of  cattle,  and  which,  under  favorable  circumstances,  has  even 
attacked  man,  is  due  to  a  iiarasite,  Faciola  hepaticcL  This  parasite  is  believed  by 
those  who  have  studied  its  habits,  to  pass  through  one  stage  of  its  transforma- 
tions in  the  bodies  of  fresh- water  mollusks.  If  these  mollusks  are  a  necessary 
habitat  of  the  fluke-rot  parasite,  whatever  destroys  them  lessens  the  liabilities 
of  its  attacks.  Quite  a  large  number  of  birds  and  fishes  and  some  insects  feed 
upon  fresh- water  mollusks,  but  whether  in  so  doing  they  are  benefiting  us,  we 
cannot  at  present  say. 

(7)  A  bird  may  render  iiermce  by  feeding  upon  noxioue  crustaceans  and 
worms.  Crawfish  have  been  so  little  studied  in  regard  to  their  habits  that  an 
economic  position  cannot  be  satisfactorily  assigned  them  at  present.    Prof.W. 

F .  Bundy  writes  me  in  regard  to  their  habits  as  follows: 

"  Crawfish  feed  on  worms,  small  moUusks,  insects  that  fall  in  their  way,  small 
flsh,  and  in  general  any  kind  of  animal  food,  especially  carrion.  They  are  in- 
dustrious scavengers.  This  latter  item,  with  the  additional  ones  that  they  form 
a  not  inconsiderable  part  of  food  for  fish,  and  their  damage  to  meadows  by  bur- 
rowing, indicate  where  they  come  in  the  most  direct  relation  to  human 
interests." 

The  river  species  he  regards  as  beneficiaL  Those  which  burrow  in  meadows, 
building  mud  chimneys  which  become  sun-baked  and  interfere  quite  seriously 
with  mowing,  he  is  in  doubt  in  regard  to,  but  inclines  to  the  opinion  that  their 
services  as  scavengers  more  than  offset  the  damage  they  do. 

Crawfish  are  preyed  upon  to  a  considerable  extent  by  various  sx>ecies  of  Herons 
and  some  other  birds.  The.Cowbird  is  said  to  eat  the  intestinal  worms  voided  by 
cattle  and  horses. 

(8)  Birds  are  serviceable  when  they  feed  on  carrion.  Ordinarily,  in  a  country  and 
plimate  like  that  of  Wisconsin,  there  appears  to  be  but  little  need  for  large  car- 
rion-eating animals.  Birds  of  this  class,  therefore,  which  have  other  and  very 
injurious  tendencies,  can  hardly  be  tolerated  in  abundance  merely  for  the  pur- 
pose of  consuming  carrion. 

The  injurious  relations  of  birds  may  likewise  be  stated  in  the  following  prop- 
ositions: 

(1)  A  bird  is  harmful  to  us  when  it  is  injurious  or  destructive  to  useful  plants. 
This  may  occur  when  the  bird  feeds  upon  the  inner  bark,  buds,  foliage,  blossoms, 
fruit,  or  seeds  of  useful  plants. 

It  is  in  the  destruction  of  cereals,  either  shortly  after  they  are  planted  or  when 
they  are  ripening,  that  our  birds  are  chiefly  injurious  in  this  direction  at  present, 
but  even  here  their  injuries  have  rarely  assumed  alarming  proportions.  Quite 
a  large  number  of  birds  feed  upon  small  fruits,  but  those  which  do  are  in  other 
respects  almost  exclusively  insectivorous.  Even  the  Cherry  Bird  and  Baltimore 
Oriole,  which  horticulturists  tell  us  should  be  exterminated  in  mid-cherry  time, 
feed  quite  as  much  upon  insects  as  upon  fruits.  The  Yellow-bellied  Woodpecker 
is  said  to  feed  upon  the  inner  bark  of  orchard  and  ornamental  trees.  The  Pur- 
ple Finch  and  some  other  birds  occasionally  eat  the  buds  of  fruit  trees;  their 
injury,  however,  has  thus  far  been  trifling.  In  the  forests,  during  the  winter, 
buds  form  a  large  part  of  the  food  of  quite  a  number  of  birds.  From  the 
stomach  of  a  Partridge  were  taken,  in  October,  803  white  birch  buds.  While 
the  number  of  buds  which  this  species  consumes  during  the  winter  is  doubt- 
less very  great,  it  is  probable  that  its  flesh  will  always  amply  compensate  for 
the  injury  it  does  in  this  direction,  to  say  nothing  of  the  insects  which  it  oon- 

lumes  during  the  simmier. 
Vol.  I— 2» 


450  EOOVOmC  RELATIOKS  OF  OXHl  BIRDSL 

It  is  only  when  tateg^f^Mn^ng  beoofnies  s  PcccgMtj  thmt  bod-ealin^  bods,  as 
racb,  can  tmke  the  nmk  of  eneinies,  unleaB,  bj  anj  meazH,  these  hiids  sboold 
become  very  abondant.  In  anj  case,  onl j  the  small  bod-eaters,  like  the  Pmple 
Finch  and  some  of  the  linnets,  whose  small  size  render  them  Taloeless  as  food, 
and  which,  for  this  reason,  would  have  to  be  controlled  bj  the  awarding  of 
bixmties  or  some  similar  means,  need  gire  ns  anj  appiehenaioos  whaterer. 

(2)  A  bird  does  um  harm  when  it  preyn  upon  Mhrturs,  moies  and  bats.  These  an- 
fanals,  owing  to  their  insectiToroos  and  noctomal  habits,  and  their,  so  far  as 
known,  inoflfensiye  natures,  are  to  be  regarded  as  of  great  value.  Thej  are 
e^jeciallj  to  be  protected  becanse  they  dioose  a  time  to  feed  when  noxious  in- 
sects are  abroad  in  abundance  and  when  their  enemies  are  few.  Birds,  there- 
fore, which  are  extensiTely  destructive  to  them,  unless  they  have  some  veiy 
desirable  traits,  are  to  be  regarded  as  enemie& 

Owls  are  the  principal  birds  known  to  feed  upon  these  animals. 

(8)  A  bird  is  harmful  to  um  when  it  preys  upon  other  beneficial  birds  and  their 
eggs,  A  species  which  makes  a  practice  of  preying  upon  birds*  eggs  or  their 
young,  or  which  has  the  ability  and  disposition  to  capture  mature  birds,  must 
certainly  do  a  very  important  work  for  us  in  compensation  to  be  encouraged  in 
agricultural  districts,  at  least  until  after  experience  has  proved  that  its  services 
are  needed  to  prevent  an  undue  increase  of  certain  birds.  All  of  our  Hawks, 
Owls,  Shrikes  and  Crows  are  known  to  be,  or  may  be  suspected  of  being,  more 
or  less  destructive  to  birds  in  one  or  more  of  their  stages  of  development,  but  to 
what  extent,  observations,  so  far  as  they  have  been  published,  are  too  limited  and 
indefinite  to  allow  any  very  definite  conclusions  to  be  drawn. 

(4)  A  bird  is  harmful  when  it  feeds  upon  lizards  and  perhaps  our  smallest 
species  of  snakes.  As  the  food  of  these  animals  probably  consists  almost  entirely 
of  insects,  they  are  to  be  regarded  as  beneficial,  until  shown  to  be  detrimental. 

(5)  A  bird  is  harmful  when  it  feeds  upon  frogs,  toads  and  salamanders.  Enough 
has  already  been  said  in  regard  to  frogs  and  toads  to  show  what  their  economic 
relations  are,  and  how  birds  most  be  regarded  which  feed  extensively  upon 
them.    Salamanders  probably  occupy  a  similar,  though  less  important  position. 

(6)  A  bird  is  detrimental  when  it  feeds  upon  the  parasites  of  noxious  animals, 
and  especially  upon  those  of  noxious  insects.  Parasites  are  regarded  as  the  most 
potent  agents  which  serve  to  keep  noxious  insects  witliin  safe  bounds,  and  that 
their  influence  is  very  great,  there  can  be  no  doubt.  This,  however,  is  to  be  said 
in  regard  to  them:  Many,  apparently,  only  become  extremely  abundant  when 
the  insects  upon  which  they  prey  have  assumed  such  numbers  as  often  to 
commit  wide-spread  ravages.  Their  influence  has  a  tendency  toward  spasmodic 
rather  than  steady  action.  They  are,  as  it  were,  the  last  reserves  which  Nature 
holds  back  for  those  emergencies  when  favorable  conditions  of  climate  shall  let 
loose  upon  the  world  such  an  abundance  of  insects  as  cannot  be  controlled  by 
other  means. 

The  fateful  army- worm,  whose  history  is  so  well  given  by  Riley,  *  illustrates 
well  what  is  meant.  In  spite  of  the  combined  action  of  its  nine  known  para- 
sites, this  worm,  at  irregular  intervals,  marches  its  gigantic  armies  over  fields 
of  grass  and  grain,  for  a  season,  and  then  disappears. 

Again,  parasites  do  not  stop  the  ravages  of  an  insect  at  once  as  birds  do.  The 
larvaB  which  they  infest  are  allowed  to  pass  through  the  destructive  period  of 
their  lives,  apparently  with  appetites  unimpaired.  Tliey  save  future  rather  than 
present  crops,  while  birds  do  both. 

>  Second  Annual  Beport,  p.  87. 
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How  far  birds  are  destructive  to  parasitic  insects  cannot  be  stated  with  cer- 
tainty at  present.  The  foct,  however,  that  the  contents  of  not  more  than 
thirty-two  out  of  six  hundred  stomachs,  examined  carefully  under  the  micro- 
scope, gave  any  evidence  of  parasitic  hymenoptera,  and  that,  if  we  set  aside  the 
probably  exceptional  case  of  the  Pewee,  already  mentioned,  usually  but  one,  or 
occasionally  two  of  these  insects  were  found  in  a  stomach,  indicates  that  this 
group  of  parasites  is  not  preyed  ujion  by  birds  to  the  same  extent  that  other  in- 
sects are.  It  should  be  said,  however,  that  some  sixteen  species  of  birds  are 
proved  to  feed  upon  these  insects  to  some  extent,  and  that  these  species  represent 
Thrushes,  Titmice,  Warblers,  Swallows,  Flycatchers  and  Finches  as  well  as  the 
Hummers.  Laige  birds,  like  the  Robin  and  Chewink,  as  well  as  the  small 
Elnglets  and  the  Humming  Bird,  eat  these  hymenopterous  friends.  Birds, 
doubtless,  destroy  large  numbers  of  parasites  with  the  insects  which  they  infest, 
but  such  a  destruction  is  admissible. 

(7)  A  bird  may  he  classed  as  an  enemy  in  so  far  as  it  feeds  upon  heneficidl 
predaceous  insects,  spiders  and  myriapods.  It  is  in  the  destruction  of  these 
forms  that  we  are  to  apprehend  the  greatest  injury  from  our  birds.  They  are 
large,  conspicuous,  and,  as  a  rule,  easily  captured.  They  are  extremely  numer- 
ous, and  frequent  every  situation  which  a  bird  may  visit.  The  majority  of 
them,  to  obtain  food,  are  obliged  to  lead  roving  lives,  and  are  thus  more  exposed 
and  consequently  more  liable  to  be  discovered  by  birds  than  many  of  the  plant- 
eating  insects  are.  In  the  directness  of  their  effect  upon  insect  life,  they  take 
the  same  rank  with  birds,  for  when  they  secure  their  prey  its  devastations  are 
at  an  end.  Like  birds,  too,  they  feed  more  or  less  indiscriminately  upon  what- 
ever insects  they  may  capture;  nor  does  this  trait  detract  so  much  from  their 
general  usefulness  as  might  be  expected.  It  is,  in  fact,  this  habit  which  enables 
them  to  maintain  a  somewhat  steady  abundance  even  when  the  caprices  of 
cUmate  or  an  over-abundance  of  parasites  nearly  exterminates  certain  insects 
upon  which  they  commonly  feed.  A  parasitic  insect  confined  to  one,  or  at 
most  to  but  a  few,  species,  must  fluctuate  in  abundance  with  it,  and  no  matter 
how  abundant  or  how  destructive  another  insect  may  become,  it  is  powerless  to 
destroy  it,  or  to  save  itself.  With  predaceous  forms,  however,  this  case 
is  quite  different,  and  their  general  tendency,  like  that  of  birds,  is  to  maintain 
A  steady,  rather  than  a  vacillating,  abundance.  Many  of  the  wasps,  the  Tiger 
and  Ground  beetles,  the  Lady-birds,  a  few  moths  (Report  of  Department  of 
Agriculture  for  1879),  the  Asilus  and  Syrphian  flies,  many  of  the  true  Bugs,  the 
Dragon-flies  and  Lace- wings,  nearly  all  of  the  Spiders  and  many  of  the  Myria- 
pods,  are  representatives  of  this  group,  and,  as  will  be  seen  beyond,  all  of  them 
are  destroyed  to  a  greater  or  less  extent  by  very  many  of  our  birds. 

(8)  A  bird  does  us  harm  when  it  feeds  upon  carrion  insects.  How  much  of 
health  we  owe  to  these  scavengers  we  can  only  imagine,  but  that  they  do  exert 
a  great  influence  in  checking  malarial  diseases  we  have  no  reason  to  doubt. 
Fortunately  for  iis,  birds  do  not  appear  to  be  very  destructive  to  these  insects, 
especially  in  their  larval  states. 

(9)  A  bird  is  harmfvl  when  it  eats  beneficial  worms.  In  the  light  of  the  in- 
vestigations made  by  Charles  Darwin  on  tlie  "Origin  of  Vegetable  Mould," 
angle-worms,  or  earth-worms,  appear  to  render  an  important  service  in  tlie  ac- 
cumulation of  this  most  essential  material  to  the  growth  of  shallow-rooted 
vegetation.  Net  a  small  number  of  our  birds  feed  on  angle- worms  to  some 
extent. 

Hair-worms  (Gordii)  and  some  other  similar  forms  are  other  members  of  this 
group,  some  of  which  are  parasitic  on  grasshoppers  and  other  insects,  including 
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spiders,  daring  their  larval  stages.  In  the  adult  stages  they  are  f  oimd  in  the 
water  and  are  there  occasionally  picked  up  by  Snipes. 

Considering  some  of  the  effects  of  entozoa  in  man  in  connection  with  Dr. 
Leidy's  statement  that  *'  their  (Oordii)  bulk  and  weight  are  frequently  greater 
than  all  the  soft  parts,  including  the  muscles,  of  their  living  habitation:  never- 
theless, with  this  relatively  immense  mass  of  parasites,  the  insects  jump  about 
almost  as  freely  as  those  not  infested,"  there  may  be  a  chance  for  error  in  decid- 
ing just  which  species  of  these  worms  are  beneficial  and  which  are  detrimentaL 
If,  in  the  case  of  the  grasshoppers,  the  parasites  do  not  kill  their  hosts  nor  pre- 
vent them  from  laying  perfect  eggs,  they  must  be  classed  as  detrimental,  for 
their  presence  in  the  insect  must  have  the  effect  of  increasing  the  amount  of 
food  consumed  by  it  It  amounts  to  the  same  thing  as  hair-worms  eating  vegeta- 
tion; but  the  reverse  of  this  would  be  true  of  species  infesting  spiders,  for  they 
would  be  required  to  kill  more  insects  than  if  not  infested. 

It  will  be  observed  that  in  the  foregoing  classification  nothing  has  been  said  of 
what  are  commonly  known  as  "  neutral"  plants  and  "neutral "  insects.  Not- 
withstanding such  statements  as  *  '*  Birds  destroy  insects  enormously,  but  these 
are  in  the  great  part  neutral/'  it  is  doubtful  if  any  such  insects  exist,  at  least 
when  life  is  considered  in  its  broadest  relations  to  man.  What  noxious  insect 
or  plant  have  we  which,  when  judged  by  the  usual  standard  of  neutrality,  was 
not  once  neutral?  Nineteen  years  ago  the  Colorado  potato  beetle,  feeding  in  its 
original  habitat  upon  a  wild  species  of  Solanum,  would  have  been  classed  as 
neutral,  and  yet  it  only  needed  the  encroachment  of  civilization  upon  its  home 
to  enable  it  to  march  eastward  and  take  possession  of  the  whole  potato  growing 
region  of  the  United  States,  which  it  now  holds  with  a  tenacity  that  bafles  all 
opposition.  There  are  now  feeding  upon  the  potato  beetle  between  twenty-five 
and  thirty  insects,  all  of  which,  imtil  their  possibilities  of  usefulness  became 
known,  would  have  been  classed  with  the  beetle  upon  which  they  prey  as 
neutraL  Now  they  are  acknowledged  friends,  while  the  beetle  is  a  pronounced 
enemy.  All  those  insects  which  may  feed  upon  plants  under  cultivation,  or 
upon  those  which  are  yet  to  come  under  cultivation,  are,  with  the  utmost 
consideration  for  them,  to  be  looked  upon  as  but  latent  enemies,  and  guarded 
as  such,  while  those  animals  which  hold  them  in  check  should  be  looked  upon 
as  latent  allies,  to  be  held  in  reserve  for  future  needs.  But  when  vegetation 
not  under  cultivation,  and  not  to  be  regarded  as  weeds,  is  considered  with  refer- 
ence to  its  soil-producing  function,  to  its  influence  upon  climate,  and  to  the 
production  of  lumber  and  fuel,  the  insects  which  feed  upon  it  are  injurious,  and 
the  birds  and  insects  which  hold  them  in  check  are  beneficiaL  Viewed  in  this 
light,  the  life  of  the  Rocky  Mountains  and  that  of  the  wilds  of  the  British 
Possessions  are  as  directly  connected  with  human  interests  as  the  winds  and  the 
waters  which  flow  from  them.  The  food  of  birds  cannot,  therefore,  be  said  to 
consist  of  insects  which  are,  in  the  great  part,  neutraL 

When  it  is  proposed  to  utilize  birds  as  insect  destroyers,  to  increase  the  abun- 
dance of  certain  species  and  to  exterminate  or  hold  in  check  others,  to  encourage 
the  breeding  of  certain  birds  in  given  places  and  to  prevent  others  from  doing 
so;  or,  wiien  it  is  proposed  to  introduce  into  a  country  a  foreign  species,  other 
questions  than  those  of  food  simply  must  be  considered. 

Some  of  the  more  important  of  these  are  the  following: 

(1)  The  relations  which  the  bird  holds  to  different  industries.  The  failure  to 
recognize  the  dissimilar  relations  which  various  birds  sustain  to  different  indus- 


1  Nature's  Means  of  Limiting  the  Number  of  Insects.    Am.  Nat,  Vol.  Tin,  p.  t70. 
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tries  has  led  to  much  of  the  dlTersity  of  opinion  in  regard  to  the  value  of  birds 
as  destroyers  of  insects,  and  to  much  of  their  needless  persecution.  The  Bobo- 
link, considered  with  reference  to  rice-culture,  has  been  regarded  as  a  scourge 
in  the  Carolinas,  where  almost  countless  numbers  of  them  have  been  slaughtered. 
But  all  through  the  Northern  States,  where  it  spends  the  summer,  and  where  it 
is  almost  exclusively  insectivorous,  few  birds  are  more  needed  than  it.  Here  it 
occupies  the  grassy  meadows,  both  damp  and  dry,  where  grasshoppers,  crickets, 
cutworms,  and  other  noxious  insects  abound  and  upon  which  it  may  feed.  To 
the  dairying  interests  of  its  summer  home,  then  —  and  these  are  by  far  the 
greater  and  more  important — it  is  as  beneficial  as  it  is  destructive  to  the  rice- 
crops  of  the  South.  Shall  we  ask  our  Southern  friends  to  guard  their  planta- 
tions and  spare  the  birds  ?  Before  we  can  do  this  with  consistency  we  must 
know  more  definitely  than  we  do  now  what  injury  and  service  they  render  in  the 
South,  what  work  they  do  in  the  West  Indies,  whither  they  take  themselves  for 
the  winter,  and  what  is  to  be  the  mission  of  the  large  number  that  pass  by  us 
in  summer  to  the  fast  opening  Saskatchewan  country  to  breed. 

(2)  The  food  and  habits  of  the  bird  in  different  localities.  That  these  ele- 
ments must  be  taken  into  consideration  is  sufficiently  evident  from  what  has 
been  said  in  regard  to  the  Bobolink  under  the  last  head. 

(3)  The  food  of  t?ie  bird  during  different  seasons.  There  are  very  many  of 
our  birds  which,  if  judged  alone  by  their  food  during  a  particular  season,  would 
be  classed  as  injurious,  when  in  reality  they  are  very  beneficiaL  The  Bed- 
winged  Blackbird  during  the  month  of  August  is,  in  many  localities  in  Wiscon- 
sin, very  injurious,  and  for  this  reason  has  often  been  declared  a  nuisance.  It 
is,  however,  fcur  from  being  such.  During  the  months  of  May,  June  and  July, 
its  home  is  in  the  sloughs,  wet  meadows  and  low  pastures,  and  from  these  it 
often  visits  the  adjoining  dry  fields.  In  all  of  these  places  it  feeds,  like  the 
Bobolink,  very  largely  upon  insects.  After  the  corn  has  hardened  in  the  fall,  it 
is  again  beneficial,  feeding  almost  exclusively  upon  insects  and  the  seeds  of 
weeds,  which  it  obtains  in  cultivated  fields. 

(4)  The  food  of  the  bird  when  young  and  when  mature.  We  probably  have 
no  bird  except  the  Carolina  Dove,  Passenger  Pigeon,  possibly  the  Thistle  Bird, 
and  perhaps  some  of  the  birds  of  prey,  whose  young  are  not  largely  or  entirely 
fed  upon  insects.  The  first  few  weeks  of  a  bird's  life  (during  which  time  the 
majority  of  our  species  attain  their  full  size)  is  the  most  voracious  period  of  its 
existence.  Dr.  Bradley  has  estimated  that  a  pair  of  Sparrows,  with  a  brood  to 
feed,  will  consume  8,300  caterpillars  in  the  course  of  a  week.  A  pair  of  Thrushes 
are  said  to  have  carried  to  their  young,  in  the  course  of  an  hour,  100  insects, 
principally  caterpillars.  A  young  Robin,  reared  by  Prof.  Treadwell,  required 
not  less  than  sixty  earth-worms  a  day.  A  Wood  Pewee  was  observed  by  the 
writer  to  carry,  to  her  brood  of  three,  forty-one  insects  in  three-fourths  of  an 
hour. 

In  view  of  these  facts,  it  is  evident  that  there  can  be  but  few  of  our  birds, 
unless  it  be  some  of  those  which  plunder  the  nests  of  other  birds,  which  are  not 
beneficial  during  one  period  of  their  existence  at  least. 

(5)  When  and  how  long  the  bird  is  with  vs.  The  birds  that  are  with  us  longest, 
other  things  being  equal,  are,  of  course,  capable  of  rendering  the  greatest  serv- 
ice or  the  greatest  injury;  and  they  are  the  birds,  viewed  from  an  economic 
standpoint,  which  should  interest  us  most.  But  the  service  which  birds  of  pas- 
sage render  is  far  from  being  so  insignificant  as  to  be  overlooked.  On  the  con- 
trary, the  services  of  these  birds  are  so  great  that  we  have  a  right  to  demand 
their  protection  when  they  are  in  lands  not  our  own. 
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The  MKTtMii,!  '*  BMs  are  oolj  mnted  in  troops  mote  or  leas  oooaideimble  at 
the  tiiiKs  €^  migratiofia  of  antanm  and  spring,  that  is  when  inaects  are  infinitely 
less  ntuoermaB  than  during  the  sonuner  " —  howerer  tme  the  impmsion  wlucfa 
it  conTers  maj  be  for  Eorope,  is  wiioUj  ontme  for  the  United  States  both  in 
reference  to  sonuner  residents  and  to  birds  of  passage.  Daring  an  arerage  at 
two  weeks  in  the  spring  and  for  the  same  length  of  time  in  the  fall,  the  birds  of 
passage  are  probabl j  dooble  the  number  per  sqoare  mile  of  <iar  sommer  resi- 
dents. Thej  are  with  ns  then  nearly  one-fifth  as  long  and  in  double  the  abon- 
dance,conseqoentlT  they  shoold  do,  if  we  lea^e  oat  of  the  acooant  the  rearingof 
young,  neariy  two-fifths  as  mocfa  woric  We  sboold  expect  them  to  eat  more, 
relatively,  for  they  are  working  harder.  Xany  of  them  have  been  flying  all 
night  and  not  quietly  sleeping  among  the  branches  as  resident  birds  do. 

Becao^  the  insects  are  infinitely  lessnimieroas  daring  the  seasons  when  birds 
are  migrating,  does  not  signify  that  the  actoal  namber  of  insects  destroyed  is 
necessarily  so  much  less.  The  hungry  and  exhausted  birds  must  be  fed  before 
they  can  resume  their  journey,  and  if  they  do  not  find  food  in  abundance  they 
only  search  the  more  diligently  and  scrutinize  the  more  closely  untO  their 
wants  are  supplied.  Although  uKMt  of  the  insects  upon  which  they  feed  in  the 
fan  have  nearly  or  quite  passed  through  the  period  of  their  destmcUveneas^  yet 
many  of  them  are  the  ones  which  are  to  hibernate  in  one  state  or  another,  and 
from  which  the  next  seasoned  ravages  are  to  come.  Tliose  which  are  oonsomed 
during  the  spring  are  the  forms  which  hare  surviTed  the  sererities  of  winter, 
and  from  which  far  more  of  destruction  than  is  actually  realised  would  oome  if 
they  were  left  to  multiply  during  the  coming  summer.  It  can  hardly  be  said, 
then,  that  in  the  insects  which  they  do  destroy,  they  render  a  less  service  tiian 
do  other  birds.  They  supplement  the  work  of  our  summer  residents,  as  it  wne, 
at  both  extremities,  and  they  do  it  welL  Let  us  see  to  it  that  they  are  properly 
protected. 

Some  of  our  birds  of  passage  are  quite  destructive  to  some  crops  in  the  falL 
The  Tennessee  Warbler,  called,  by  some,  with  us,  the  Grape-sucker,  occasioDaUy 
does  serious  injury  to  vineyards  by  probing  with  its  sharp  bill  the  ripe  grapes, 
apparently  to  obtain  the  juice.  It  might  be  inferred  that  as  tliis  bird  is  with  us 
so  short  a  time,  its  services  in  destroying  insects  can  hardly  compensate  for  the 
injury  which  it  may  do  to  vineyards,  and,  consequently,  that  it  is  a  fit  subject 
for  extermination.  Tlie  very  fact,  however,  that  it  is  with  us  so  short  a  time 
should  make  us  all  the  more  careful  in  regard  to  what  steps  are  taken  in  respect 
to  it.  For,  if  ours  is  the  only  injury  it  does,  and  so  far  as  is  now  known  it  is,  it 
must  lead  a  long  life  of  usefulness  in  other  places  where  it  may  do  what  other 
birds  are  not  able  to  accomplish.  It  is,  indeed,  one  of  those  small  active  species 
which  feeds  quite  extensively  upon  plant-lice  and  other  very  small  insects  which 
are  said  to  be  overlooked  by  most  birds.  From  the  stomachs  of  four  specimens 
examined  collectively,  thirty  plant-lice,  and  thirty  small  heteropterous  insects, 
nine-hundredtlis  of  an  inch  long,  were  taken. 

(6)  The  place  in  vrhich  the  bird  nests.  Wherever  a  bird  builds  its  nest 
(except  the  forms  whose  young  run  about  as  soon  as  hatched),  there  or  in  the 
immediate  vicinity,  as  a  rule,  its  labors  are  confined  until  after  the  young  are 
able  to  feed  themselves.  In  consequence  of  this,  those  birds  which  breed  in 
cultivated  grounds  and  in  the  vicinity  of  dwellings  are  generally  the  most 
valuable.  It  should  be  observed,  however,  that  cultivated  grounds  are  not  the 
only  places  where  the  insects  which  ravage  them  are  bred.    The  army-worm 
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ECONOMIC  RELATIONS  OF  OUB  BIRDS.  465 

has  for  its  natural  abode  the  wild  grass  swamps  so  common  in  many  parts  cf 
the  country,  and  from  there,  when  it  becomes  excessively  abundant,  it  marches 
out  upon  fields  of  grass  and  grain  in  such  vast  colunms  as  to  sweep  everything 
l^een  before  it  The  army-worm  yev  of  1861  will  long  be  remembered.  Tte 
Rocky  Mountain  Locust  is  another  insect  of  the  same  kind. 

Viewed  in  the  light  of  such  facts  as  these,  insectivorous  birds  which  rear  their 
young  in  such  uninviting  places,  and  where  they  appear  to  lead  useless  livee, 
shine  with  a  new  interest  to  us;  and  even  though  they  may  be  somewhat  de- 
structive, they  should  be  protected  until  careful  study  proves  that  they  do  not 
feed  upon  the  army-worm  or  other  pests.  Some  of  the  birds  which  frequent 
these  situations  are  the  Marsh  and  Short-bil|ed  Wrens,  the  Swamp  Sparrow, 
several  of  the  Blackbirds,  the  Bobolink,  the  Rails,  as  well  as  other  birds. 

The  situation  in  which  the  nest  is  placed  has  much  to  do  in  determining  the 
abundance  of  the  species,  especially  in  cultivated  districts,  and  consequently  its 
general  usefulness.  The  Short-billed  Wren  often  builds  in  our  low,  wet  meadows, 
but  its  breeding  season  is  not  fully  past  when  haying-time  begins,  and  many  a 
nest  freighted  with  eggs  or  young  is  mown  down  and  its  contents  destroyed. 
The  result  is,  that  it  is  far  less  abundant  than  its  cousin,  which  selects  more 
secure  breeding  places.  The  Short-billed  Wren  cannot,  therefore,  be  offered  as 
a  substitute  for  the  troublesome  Redwing,  or  for  the  Bobolink,  both  of  which 
breed  in  similar  situations,  but  which  get  their  young  upon  the  wing  before  the 
grass  is  ready  to  cut.  # 

Birds,  like  plants,  may  be  out  of  place,  and  so  more  injurious  than  they  would 
be  if  confined  to  their  proper  spheres.  Blue  Jays  and  Shrikes  have  no  right  in 
orchards  and  about  dwellings  during  the  breeding  season,  unless  more  useful 
birds  cannot  be  induced  to  tarry  there. 

(7)  The  haunts  of  the  birds.  The  places  which  a  bird  frequents  during  the 
season,  though  always  including  the  place  where  it  nests,  are  often  much  more 
varied  and  extensive.  Upon  these  haunts,  as  upon  the  breeding  places,  depend 
much  of  the  bird's  usefulness  or  injury.  All  of  our  Thrushes,  so  far  as  food 
and  method  of  obtaining  it  are  concerned,  have  essentially  the  same  habits  as 
the  Robin,  but  none  of  them  are,  at  present,  as  useful  to  agricultural  or  horti- 
cultural interests  as  it  is.  Should  any  of  them  in  the  future  become  as  familiar 
as  the  Robin,  they  will  doubtless  approximate  it  in  usefulness. 

(8)  The  tune  of  day  at  which  the  bird  obtains  its  food.  Nocturnal  insectiv- 
orous birds  and  those  which  feed  iki  the  early  twilight  are  especially  to  be 
encouraged,  not  because  they  are  necessarily  more  destructive  to  insects  than 
other  birds,  but  because  they  feed  at  a  time  when  insects  are  abroad  in  abun- 
dance and  when  they  have  but  comparatively  few  enemies  with  which  to  con- 
tend. Rapacious  birds,  however,  which  obtain  their  food  at  night  are  to  be 
regarded  with  more  suspicion,  perhaps,  than  those  which  fly  by  day.  All  the 
Owls,  provided  with  their  peculiar  plumage,  are  able  to  move  so  noiselessly, 
that,  under  the  cover  of  night,  when  other  birds  are  in  repose,  they  may  be 
expected  to  exert  a  powerful  influence  in  reducing  the  abundance  of  birds, 
especially  of  the  woodland  species. 

(9)  The  method  by  which  the  bird  obtains  its  food, 

(10)  The  situation  in  which  the  bird  obtains  its  food. 

(11)  Whether  or  not  the  bird  does  an  important  work  which  other  birds  are  not 
fitted  to  do. 

These  are  questions  of  extreme  importance,  especially  if  it  is  proposed  to  ex- 
tirpate a  species,  or  to  reduce  its  abundance.  There  is  such  a  division  of  labor 
amonjc  birds,  that,  as  has  been  said,  there  are  very  few  insects  indeed  which  may 
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not,  in  one  or  more  stages  of  their  exigtenoe,  become  a  prey  to  them.  And  this 
division  of  labor  which  birds  have  assumed,  in  the  face  of  the  iNX>f usion  oi  life 
from  which  they  may  choose  their  food,  is  condusive  evidence  to  me  that  the 
power  which  they  exert  over  the  abondance  oi  insect  life  is  far  from  being  inap- 
preciable. The  utility  of  birds  as  a  whole,  judged  by  that  of  a  particular  species, 
without  reference  to  the  points  under  consideration,  would  undoubtedly  lead  to 
an  unfavorable,  but  equally  false  conclusion.  What  we  need  to  aim  at  in  regu- 
lating the  bird-fauna  of  agricultural  districts,  is  to  make  it  combine,  in  sufficient 
abundance,  all  of  those  epedeB  which  do  peculiar  but  important  work.  We 
need,  in  fact,  to  adopt  those  divisions  of  labor  which  nature  has  been  so  l<»g 
in  working  out,  and  perhaps  without  modification,  except  so  far  as  changing 
conditions  and  industries  make  it  necessary  that  new  relations  should  be  estab- 
lished. 

To  expect  the  Robin,  with  an  unlimited  abundance,  to  do  the  wcHrk  of  the 
Kingbird  and  Pewee,  or  that  these  birds  can  do  the  work  of  the  Vireos,  is  ab- 
surd. Neither  can  the  slow-winged  and  short-fiighted  Pewee  and  Kingbird, 
although  they  are  fiy-catchers,  be  expected  to  do  what  the  Swallows  are  able  to 
accomplish  with  their  long,  swift,  gyratory  and  zig-zag  flights.  Each  species 
has  fitted  itself  by  long  practice  for  its  own  peculiar  work,  and  does  it  more 
effectually  than  anoth^u:  species  can.  Viewed  in  this  light,  it  is  evident  that 
some  birds,  even  though  they  may  be  somewhat  destructive  to  particular  crops, 
must,  nevertheless,  be  protected,  sim^dy  because  they  do  an  important  work 
which  other  birds  do  not. 

The  Baltimore  Oriole  has  been  consigned  to  extirpation  because  it  is  somewhat 
destructive  to  grapes,  destroying  at  times,  it  is  said,  more  than  it  needs  to  eat; 
and  yet  this  bird  does  an  important  work,  which,  so  far  as  I  have  observed 
among  birds,  is  peculiar  to  itself.  It  is  that  of  feeding  upon  leaf -rollers  in  the 
larval  state.  These  are  a  large  and  destructive  group  of  moths.  They  infest 
nearly  all  our  fruit  trees,  our  strawberries  and  cranberries,  as  well  as  many  of 
the  trees  of  the  forest.  Those  which  do  not  infest  the  fruit  protect  themselves 
either  by  folding  one  side  of  a  leaf  over  them,  or  by  tying  a  number  of  leaves 
securely  together,  thus  forming  a  strong  house  in  which  they  feed  secure,  I  fear, 
from  the  majority  of  birds.  But  the  Oriole  has  learned  their  habits,  and,  with 
its  strong  bill,  is  able  to  demolish  their  houses  and  devour  the  inmates.  I  have 
seen  a  whole  family  of  these  birds  working  together  in  a  grove  devouring  leaf- 
rollers,  and  making  such  a  noise  as  to  lead  me  to  suspect  at  first  that  some  large 
j^nimftl  was  stripping  the  leaves  from  the  trees.  Prof.  J.  H.  Comstock  informs 
me  that  he  has  seen  the  same  bird  thrust  its  head  through  the  web  of  the  tent- 
caterpillar,  and  eat  the  larvsB  which  courted  security  within. 

When  a  bird  which  is  injurious  does  a  special  work,  that  work  must  be  an 
important  one  in  order  that  it  may  be  urged  as  a  reason  for  protecting  the  bird. 
The  tent-caterpillar,  although  it  is  very  destructive,  is  easily  and  completdy 
under  our  direct  control.  Its  tent  makes  it  so  conspicuous  that  it  cannot  be 
overlooked,  while  every  worm  in  a  colony  may  be  easily  removed  at  once  and 
destroyed.  When  it  is  said  that  this  evil  sometimes  becomes  so  great  that  even 
the  best  farmers  have  despaired  of  counteracting  it,  the  statement  only  speaks 
disparagingly  of  the  energy  and  shrewdness  of  the  farmers.  It  is  not  in  the 
destruction  of  such  pests  as  these  that  birds  render  their  greatest  service,  but 
rather  in  the  destruction  of  those  that  are  small,  though  prolific,  of  those  that  do 
not  betray  their  existence  until  after  their  hurtful  mission  is  performed,  and  of 
those  that  feed  singly  and  do  not  congregate  under  tents  for  a  season  of  rest 
and  security. 
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(12)  Size  and  activity  of  the  bird.  The  larger  and  the  more  active  a  bird  is 
the  greater  will  be  the  amount  of  food  which  it  requires,  and,  consequently, 
other  things  being  equal,  the  more  beneficial,  or  the  more  injurious,  it  will  be. 
It  is  by  no  means,  however,  the  largest  bird  which  is  the  most  serviceable.  Dimin- 
utive proportions  are,  in  many  cases,  quite  as  desirable  as  their  opposites.  It  is  the 
giir'<M1"ft«ft  of  the  Tennessee  Warbler  which  makes  it  profitable  for  it  to  feed  upon 
plant  lice;  and  it  is  the  same  quality,  together  with  its  agility,  that  enables  the 
Chickadee  to  hang  back  downwards  from  the  leaves  of  the  outermost  sprays  of 
trees,  that  it  may  feed  upon  those  small  larvse  and  other  insects  which  can  only 
be  obtained  by  the  larger  and  more  clumsy  species  with  difficulty.  These  small 
and  agile  birds  perform,  therefore,  a  distin'^t  work  in  protecting  the  terminal 
foliage  of  forest  trees. 

(18)  Whether  the  bird  is  or  is  not  gregarious  in  its  habits.  It  is  not  necessary 
that  birds  should  be  *'  united  in  troops  more  or  less  considerable  *'  that  they  may 
be  of  material  service.  On  the  contrary,  insectivorous  birds  can  hardly  be  gre- 
garious, at  least  to  any  considerable  extent,  for  feeding  purposes,  while  it  is  the 
gregarious  habits  of  many  graminivorous  birds  which  lends  to  them  their  chief 
noxious  quality.  Not  that  they  would  eat  any  less  grain  if  they  did  not  unite 
in  such  large  troops,  but  that  their  injury  would  be  more  evenly  distributed, 
causing  each  man  to  bear  his  share  of  the  expenses  incident  to  bird  life,  as  he 
has  received  his  share  of  the  profits.  Did  our  Blackbirds  spread  out  over  the 
country  at  large  instead  of  uniting  in  such  large  troops,  the  amount  of  grain 
which  they  would  consume,  though  just  as  great  as  it  is  at  present,  would  be 
drawn  from  so  many  sources  that  the  quantity  taken  from  each  would  be  so 
small  as  to  be  almost  inappreciable.  Birds  having  gregarious  habits,  unless  they 
Xiertorm  some  BX)ecial  and  important  work,  should  not  be  encouraged  to  an  equal 
extent  with  other  birds;  and  this  point  should  be  looked  to  especially,  when  it  is 
proposed  to  introduce  a  foreign  species. 

(14)  The  swiftness  and  dexterity  of  the  Mrtf  ^ipon  the  wing.  The  swifter  and 
the  more  dextrous  an  iosectivorous  bird  is,  which  captures  prey  upon  the  wing, 
the  more  efficient  it  is,  provided  other  things  are  equal.  If  it  feeds  extensively 
upon  parasitic  insects,  it  becomes  more  dangerous,  as  it  is  better  able  to  capture 
its  prey.  Among  rapacious  birds  the  swiftest  winged  Hawks  are  to  be  looked 
upon  as  the  most  dangerous;  and,  if  any  of  these  birds  are  to  be  extirpated, 
those  which  are  best  able  to  capture  mature  birds  should  succumb  first.  Elxtreme 
swiftness  of  fiight  is  not  necessarily  possessed  by  those  Hawks  which  are  to  hold 
in  check  injurious  mammals. 

(16)  The  disposition  of  the  bird.  When  different  species  of  birds  are  to  be 
associated  closely  together,  as  is  the  case  in  many  cities,  and  as  we  hope  will  be 
more  extensively  the  case  in  orchards,  and  in  the  vicinity  of  dwellings,  only 
those,  as  a  rule,  which  will  live  together  in  harmony  should  be  encouraged.  At 
least,  a  tyrannical,  overbearing  bird  should  not  be  permitted  to  drive  away  from 
our  dwellings  more  useful  species. 

(16)  The  value  of  the  bird  as  food  for  man.  Birds  whose  size  ani  fiesh  make 
them  valuable  as  food  for  man  have  that  much  in  their  favor  to  offset  whatever 
injury  they  may  do.  But  birds  may  be  too  valuable  as  insect-destroyers  to 
justify  their  being  killed  as  game.  The  Prairie  Chicken  and  Quail  should  be 
stricken  from  our  list  of  game  birds,  at  least  for  the  present,  and  the  Meadow- 
lark,  Killdeer,  and  Field  Plover  should  not  be  destroyed  under  any  consideration, 
until  after  they  assume  an  abundance  far  beyond  what  they  have  with  us  at 
present.  The  last  three  species  are  almost  exclusively  insectivorous  throughout 
their  stay  with  us,  and  they  affect  meadows,  pastures,  and  cornfields  where 
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their  serviceB  are  much  needed.  The  Qaail  and  t^irie  Chicken  are  also  largely 
insectivorous  until  after  the  middle  of  August,  when  the  grain  is  harvested  and 
out  of  danger  from  them,  and  as  they  live  in  uncultivated  fields  and  meadows 
their  services  are  very  valuable. 

(17)  Whether  the  bird  is  or  is  not  aneceasary  habitat  for  troublesome  paraHHc 
entozoa.  As  many  fishes  are  infested  with  parasites,  some  of  which  pass 
through  one  stage  of  their  development  in  Herons  and  other  piscivorous  birds, 
it  becomes  a  question  worthy  of  study  to  determine  whether  these  birds  may 
become  detrimental  to  fish-culture  by  breeding  parasites  which  will  destroy  the 
fish  or  render  their  fiesh  unfit  for  food.  This  question  is  the  more  important 
since  fish-culture  has  become  a  national  enterprise. 

(18)  The  number  of  broods  the  bird  rears  each  season.  Those  birds  which  rear 
more  than  one  brood  during  the  season,  if  they  are  not  injurious,  are  likely  to 
be  of  greater  service  than  those  which  are  single-brooded,  not  only  because  they 
must  be  more  destructive  to  insects  directly,  but  because  they  are  capable  of 
becoming  more  numerous  than  single-brooded  species  are  likely  to  become. 

OTHER  CONSIDERATIONS. 

(1)  The  changing  habits  of  birds.  Two  hundred  years  have  been  sufficient  to 
produce  such  marked  changes  in  the  habits  of  many  American  birds  as  to  have 
caused  them  to  assume  entirely  new  relations  to  human  interests.  In  virtue  of 
these  changes  many  birds  have  become  more  useful,  some  have  become  more 
injurious.  3iany,  like  the  Swallows,  now  build  their  nests  in  situations  whose 
surroundings  are  so  entirely  different  from  those  of  their  original  haunts  that 
the  character  of  their  food  must  have  undergone  quite  as  marked  a  change  as 
have  the  situations  in  which  they  build  their  nests.  Since  all  of  our  native  birds, 
which  are  so  familiar  about  dwellings  and  farms,  once  inhabited  exclusively 
wild  tracts,  it  is  but  fair  to  presume  that  many  which  are  now  shy  and  retiring 
will  in  time  become  as  confiding  as  those  which  have  already  taken  up  their 
homes  with  us.  Indeed,  these  changes  are  being  noted  almost  every  year. 
When  these  changes  of  habits  do  take  place,  with  them  must  come  new  and 
important  relations.  Some  of  these  birds  will  then  be  more  useful,  others  may 
be  more  injurious.  The  practical  question  arising  from  this  is,  how  can  we  best 
hasten  these  changes? 

(2)  Can  bir.ts  ever  become  abundant  in  thicldy  settled  districts  9  The  facts 
which  have  thus  far  beei*  recorded  in  regard  to  the  abundance  of  different 
species  of  birds  in  different  localities  at  different  times,  are  so  meager  and  in- 
definite, that  it  is  impossible  to  draw  any  very  satisfactory  conclusions  in  regard 
to  this  point  at  present.  To»»>;o\\  ':^oT*^9  \'/\\fj  upon  this  question  the  statistics 
on  page  447  have  been  pr"»Mi  mI  ;''«>y  aie  too  limited  to  be  of  very  great 
value  by  themselves,  and  are  offered  U^t-*-  simply  as  a  beginning.  The  two 
localities  iu  which  the  statistics  w«Te  taken  ar<»  not  as  similar  in  some  respects  as 
could  have  been  wished.  Due  allowjince  must  l)e  made  for  this  fact.  The  salient 
features  of  the  two  localities,  briefly  sketched,  are  these:  In  the  vicinity  of 
Ithaca,  there  is  a  long,  deep  and  narrow  valley,  having  somewhat  rolling,  glen- 
cut  sides.  In  it  lies  Cayuga  lake.  «leep  and  weedless,  stretching,  like  a  broad 
river,  to  the  northward.  Its  e.tst  ami  w*>st  hanks  are  abrupt  and  rocky  and  cut 
at  intervals  by  deep,  wooded  glens.  A  .-una II  u:r:i.-ai  nwarnp,  lx?aring  a  few  trees, 
at  the  south  end  of  the  lake,  and  running  up  into  the  city  is  about  the  only  low 
laud  in  the  vicinity.  Formerly  a  mixed  deciduous  and  evergreen  forest  covered 
the  hills.  Now,  mere  remnants  stand  near  together  upon  small,  close-i)acked 
farms  on  both  sides  of  the  valley.    The  houses  are  uumerc*is.  the  orchards  large. 
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and  there  are  few  fields  but  what  have  at  least  a  few  trees  standing  in  them.    In 

the  portion  of  Jefferson  county  where  the  notes  were  taken,  the  country  is 

nearly  level,  with  gentle  undulations,  and  is  traversed  by  Rock  and  Bark  rivers. 

These  streams  draw  a  sharp  line  between  prairie  and  openings  on  one  side,  and 

heavy  maple  timber  on  the  other.  Marshes  trend  along  the  streams,  and  shallow,  n 

reedy  ponds  are  common.    Compared  with  the  vicinity  of  Ithaca,  the  farms  are 

larger,  the  houses  less  numerous,  the  orchards  smaller,  the  woods  larger,  and  few 

trees  stand  in  the  cultivated  fields. 

Route  I  led  from  a  point  about  one-half  a  mile  north  from  Bark  river  out  and 
across  cultivated  fields,  through  two  small  groves,  across  a  marsh  near  Cold- 
spring  Pond,  and  then  again  across  cultivated  fields.  Routes  n  and  III  each  led 
east  from  Rock  river,  north  of  Jefferson,  alternately  through  pieces  of  heavy 
timber,  and  across  dry  cultivated  fields.  Route  IV  led  from  the  Crawfish  west, 
upon  the  prairie  southwest  of  Aztalan,  traversing  dry  treeless  fields,  and  lead- 
ing through  two  small  oak  groves.  Route  V  extended  from  the  buildings  of 
Cornell  University  west  across  the  valley,  leading  through  a  pasture,  through  the 
north  end  of  the  city,  through  the  swamp,  and  up  the  railroad,  bordered  by  cul- 
tivated fields  on  one  side  and  by  tangled  thickets  on  the  other.  Route  YI  led 
directly  east  from  the  campus  to  Varna,  and  then  southwest  along  the  line  of 
the  railroad.  On  this  trip  only  cultivated  fields  were  crossed  and  one  small 
piece  of  woods  passed  through.  Route  VII  led  up  the  valley  from  Ithaca  Uong 
the  east  side,  and  then  across  to  Enfield  Falls.  On  this  tramp  we  passed  in  turn 
along  the  railroad,  bordered  with  small  scattered  thickets  on  both  sides,  across 
the  Inlet,  through  low  fields,  and  then  past  cultivated  fields  and  small  pieces  of 
woods.  Route  Vin  lay  ten  miles  east  of  Ithaca,  and  led  from  McLean  off  to 
the  southeast  of  Dryden,  and  then  through  Dryden  to  Freeville.  A  branch  of 
Fall  Creek  was  crossed  twice,  and  with  the  exception  of  a  small  marsh  near 
Freeville,  only  dry  cultivated  fields  and  small  pieces  of  woods  were  passed. 

It  should  be  observed  that  the  notes  taken  in  Jefferson  county  were  obtained 
after  the  breeding  season,  while  those  taken  at  Ithaca  were  made  during  the 
breeding  season  before  the  young  birds  had,  to  any  extent,  left  the  nests.  The 
difference  in  the  times  of  observation  in  the  two  localities  will  doubtless  com- 
pensate largely  for  the  difference  in  topographical  features.  For  instance,  the 
Bobolinks  observed  on  trip  VIII  were,  with  two  exceptions,  all  males,  so  that 
the  figures  probably  show  but  about  one-half  the  actual  number  of  birds  of  this 
species  which  were  there  at  the  time. 

The  table,  as  it  stands,  indicates  that  notwithstanding  the  fact  that  the  vicinity 
of  Ithaca  has  been  much  longer  under  cultivation,  and  that  it  is  more  thickly 
settled,  its  bird  population  is  more  than  a  third  larger,  so  far  as  the  number  of 
individuals  is  concerned,  than  that  of  Jefferson  coimty.  Whether  this  greater 
abundance  is  due  more  to  the  influence  of  man  than  to  natural  topographical 
features,  the  table  does  not  appear  to  prove,  for  it  is  deceptive  in  regard  to  this 
point  in  several  respects. 

(3)  What  birdSf  if  left  to  themselves,  are  likely  to  become  most  abundant  as 
the  country  grows  older.  Before  we  can  safely  interfere  with  the  restraints 
which  nature  has  imposed  upon  bird-life,  we  must  know  the  facts  in  regard  to 
this  point,  because  it  can  hardly  be  supposed  that  the  different  species  will  con- 
tinue to  hold  the  same  relative  proportions  to  one  another  that  they  now  do  if 
their  enemies  should  be  removed.  If  the  birds  in  the  table  to  which  we  have 
had  occasion  to  refer  are  classified  under  the  four  heads.  Fruit-eaters,  Fly- 
catchers, Seed-eaters  and  Insect-eaters,  the  average  number  of  individuals  ob- 
served per  mile  during  the  eight  trips,  considered  collectively,  will  be  found  lo 
be  approximately  as  follows: 
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FRUIT-EATERS. 

For  the  vidnity  of  IthaccL 

Number  of  species  observed 8 

Number  of  individuals  observed 179 

Average  number  per  mile 74 

For  Jefferson  county. 

Number  of  species  observed 8 

Number  of  individuals  observed 87 

Average  number  per  mile 8^ 

SEED-EATERa 

For  th€  vicinity  of  Ithaca, 

Number  of  species  observed 10 

Number  of  individuals  observed 576 

Average  number  per  mile 28-t- 

For  Jefferson  county. 

Number  of  species  observed 13 

Number  of  individuals  observed 141 

Average  number  per  mile 9+ 

FLY-CATCHERS. 

For  the  vicinity  of  Ithaca. 

Number  of  species  observed 10 

Number  of  individuals  observed 255 

Average  number  per  mile 10+ 

For  Jefferson  county. 

Number  of  species  observed 8 

Number  of  individuals  observed 106 

Average  number  per  mile 7+ 

INSECT-EATERS. 

For  the  vicinity  of  Ithaca. 

Number  of  species  observed 8 

Number  of  individuals  observed 69 

Average  number  per  mile 8— 

For  Jefferson  county. 

Number  of  species  observed 14 

Number  of  individuals  observed 116 

Average  number  per  mile 8— 

These  figures  appear  to  indicate  that  the  greatest  difference  between  the  two 
localities  exists  among  the  Fruit-eaters,  the  Seed-eaters,  and  the  Insect-eaters, 
the  first  two  classes  being  much  more  abundant  at  Ithaca,  while  the  Insect- 
eaters  are  much  more  abundant  in  Jefferson  county.  Much  less  weight  can  be 
given  to  these  figures  than  to  those  considered  under  the  last  head.  They  sim- 
ply indicate  a  direction  in  which  observation  needs  to  be  made. 

(4)  Some  birds  may  be  injurious  to  a  locality  which  they  seldom  or  never  visit. 
The  migratory  movements  which  characterize  most  birds  subject  them  to  a 
great  variety  of  enemies.  The  boreal  birds  of  prey,  which  live  in  the  summer 
homes  of  all  our  birds  of  passage,  and  of  all  our  winter  visitants,  are  as  in- 
jurious to  us,  so  far  as  they  destroy  the  members  of  these  classes,  as  though 
they  did  the  work  of  destruction  in  our  midst.    The  same  is  to  be  said  of  those 
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birds  of  prey  whose  residence  is  in  latitudes  south  of  our  own,  for  there  both 
our  summer  residents  and  birds  of  passage  may  be  destroyed  by  them. 

(5)  Do  birds  of  prey  perform  a  necessary  work  by  holding  in  check  certain 
birds  and  noxious  animals  f  '*  Hawks  and  the  larger  Owls  should  be  extermi- 
nated" is  the  verdict  of  many,  and  yet  we  are  far  from  having  that  knowledge 
of  their  relations  to  our  needs  which  will  justify  the  execution  of  such  a  ver- 
dict. We  need  a  greater  abunda«:oe  of  insectivorous  birds  than  we  have  at 
present,  but  it  hab  not  been  demonstrated  that  a  wholesale  destruction  of  all 
our  birds  of  prey  will  not  withdraw  such  a  restraint  from  our  vegetable>f ceding 
species  as  to  cause  them  all  to  become  nuisances  by  their  excessive  abundance. 
Nearly  all  of  them  feed  upon  seeds  or  insects,  at  their  pleasure.  There  are  but 
few  of  them  which  are  not  known  to  feed  to  some  extent  upon  grains  and  use- 
ful seeds.  These  facts  appear  to  indicate  that  no  bird  is  so  likely  to  become 
excessively  abimdant  in  agricultural  districts  as  they.  It  would  appear  that,  so 
far  as  they  are  capable  of  doing  the  work  of  insectivorous  birds,  they  might 
even  become  injurious  by  simply  crowding  them  out.  Until  these  questions 
are  securely  settled,  we  must  retain  most  of  our  birds  of  prey.  We  may  exper- 
iment with  them  by  reducing  their  abundance  for  a  period,  and  carefully  noting 
the  effect  which  it  has  upon  the  abundance  of  other  birds  and  upon  that  of 
noxious  mammals.  Since  a  bird  once  extirpated  can  never  be  reclaimed,  no 
matter  how  much  its  services  may  be  needed,  the  most  guarded  action  in  this 
direction  can  alone  be  justifiable. 

(6)  Parasitism  among  birds.  Birds  which  possess  the  habit  of  imposing  their 
duties  of  incubation  upon  other  species  are  to  be  ranked  with  Hawks  and  Owls, 
80  far  as  their  influence  in  regulating  the  abundance  of  birds  is  concerned.  Out 
of  nine  Pewees'  nests,  which  were  visited  in  the  spring  of  1878,  at  Ithaca,  N.  Y., 
by 'my  friend  F.  EL  Severance  and  myself,  two  contained  a  single  Cowbird  each, 
and  two  contained  Cowbirds'  eggs.  Mr.  C.  N.  Pennock  informs  me  that  three 
out  of  five  Pewees*  nests  visited  by  him  contained  one  .or  two  Cowbirds*  eggs 
each.  These  facts  indicate  that  seven  out  of  fourteen  families  of  Pewees  would, 
if  their  nests  had  not  been  disturbed,  have  had  their  own  broods  destroyed,  and 
that  instead  of  some  28  or  85  Pewees  which  they  would  have  reared,  only  seven 
Cowbirds  could  have  taken  their  places  as  insect  destroyers.  Such  is  the  influ- 
ence which  this  bird  exerts  over  the  abundance  of  the  Pewee. 

A  long  list  of  other  birds,  similarly  affected,  has  been  determined,  and  the 
majority  of  the  members  are  among  the  most  exclusively  insectivorous  birds  we 
have. 

(7)  The  scientifiCf  educational  and  cestJietio  value  of  birds.  This,  though 
mentioned  last,  is  not  the  least  consideration  which  should  challenge  the  thought- 
ful and  influential  whenever  a  bird  is  proposed  for  extermination.  Prof.  Alfred 
Newton,  in  an  article  on  the  extermination  of  species  (Am.  Jour,  of  Sci.,  Dec., 
1876),  has  pointed  out,  in  a  general  way,  the  dangerous  tendencies  in  this  direc- 
tion, and  justly  calls  upon  men  of  science  to  take  a  stand  in  behalf  of  posterity. 

In  view  of  the  many  important  unsolved  problems  relating  to  life  and  its  phe- 
nomena, the  first  factors  of  whose  solution  we  already  have,  it  is  certain  that 
t^e  living  species  are  too  few  to  supply  the  much  needed  data,  and  that  stuffed 
skins  and  dry  bones  can,  in  no  adequate  way,  answer  such  questions  as  should 
be  put  to  animated  tissues.  These,  in  my  judgment,  are  sufficient  reasons  for 
not  now  recommending  the  absolute  extirpation  of  any  bird. 

In  the  light  of  educational  needs,  the  case  of  the  detrimental  bird  appears 
still  stronger.    It  is  certain  that,  as  our  methods  of  instruction  improve,  the 
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student  will  be  led  more  and  more  into  intimate  personal  contact  with  the  forms 
of  living)  feeling  and  thinking  nature  to  supplement  and  vivify,  with  his  own 
perceptive  faculties,  the  suggestions  from  teacher  and  text-book.  The  amount 
of  illustrative  material  needed  in  the  shape  of  living  forms  must  increase  year 
by  year  as  long  as  our  educational  methods  are  progressive;  while,  with  the 
most  careful  husbanding  of  resources,  the  number  of  living  species  must 
diminish  in  given  localities.  The  time  has  already  come  when  the  least  bene- 
ficial animals  should  be  sacrificed  for  anatomical  and  physiological  demonstra- 
tions, whenever  they  will  answer  the  purpose,  and  the  more  beneficial  forms, 
in  other  ways,  spared.  Here  are  grounds  for  a  legitimate  demand  for^  the  pres- 
ervation of  animals  to  some  extent  detrimental,  and  every  parent  can  well  afford 
to  contribute  a  not  inconsiderable  sum  for  their  maintenance  as  educational 
material  simply. 

There  is  another  aspect  of  the  educational  phase  of  this  question.  The  amount 
of  information  unconsciously  imbibed  by  the  inevitable  contact  with  living 
forms  is  very  large  as  regards  both  variety  and  value,  and  this  must  increase 
continually  as  long  as  there  is  progress,  and  the  objects  for  personal  contact  re- 
main. Viewed  in  this  light,  the  very  viciousness  of  the  Blue  Jay  and  Shrike 
gives  to  them  a  kind  of  intrinsic  educational  value  which  is  not  smalL 

A  TEMPORARY  CLASSIFICATION  OF  WISCONSIN  BIRDS  ON  AN 

ECONOMIC  BASIS. 

In  view  of  the  fact  that  so  little  careful  study  has  been  devoted  to  the  food  of 
American  birds,  and  that  the  subject,  considered  in  all  its  important  bearings, 
is  so  difficult,  intricate  and  important,  it  is  deemed  advisable,  for  present  pur- 
poses, to  arrange  our  birds  under  the  groups  following.  In  this  classificatiou, 
only  Wisconsin  interests  will  be  especially  considered,  not  because  the  interests 
of  other  states  are  regarded  as  unimportant,  but  because  each  state,  so  far  as  its 
industries  are  peculiar,  must  solve  its  own  questions. 

Group  L 

Birds  whose  habits,  so  fbr  as  they  are  known,  render  them,  on  the  whole, 

beneficial. 

Under  this  group  are  placed  those  birds  whose  ability  to  render  service  appears 
to  exceed  their  known  injurious  tendencies.  It  may  be  divided  into  three 
classes: 

(a)  Birds  whose  knoum  habits  render  them  beneficial  at  all  times. 

While  it  is  probable  that,  after  a  careful  and  exhaustive  study  of  the  habits  of 
our  birds  has  been  made,  none  of  them  will  be  found  wholly  beneficial,  it  is 
better  to  regard  them  innocent  until  they  are  proved  guilty. 

(b)  Birds  which  are  knovm  to  he  to  som£  extent  injurious,  bat  whose  known 
services  exceed  their  knoum  injuries. 

It  is  probable  that  all  of  our  useful  birds  will  ultimately  fall  into  this  class. 

(c)  Birds  whose  flesh  is  valuable  for  food,  and  whose  present  abundance  and 
slight  usefulness  as  insect  destroyers  make  it  proper  to  permit  their  destruction 
as  game. 

Birds  of  this  class  belong  properly  in  one  of  the  two  preceding  classes,  but  this 
classification  is  made  for  an  obvious  special  purpose. 


► 
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GfiOUP  n. 

Birds  whose  habits,  so  far  as  they  are  known,  make  it  donbtftil  whether  they 

are,  on  the  whole,  beneficial  or  ii^nrions. 

This  group  is  necessitated  partly  by  conflicting  evidence,  partly  by  the  ab- 
sence of  evidence,  and  partly  by  evidence  which  seems  to  indicate  that  the  de- 
structiveness  and  usefulness  of  the  birds  are  nearly  balanced.  As  in  the  first 
group,  this  may  be  divided  into  three  classes: 

(a)  Birds  whose  relations  of  structure  and  habits  ally  them  to  Group  J,  hut 
which  in  the  absence  of  data,  or  on  account  of  conflicting  data,  cannot  be  placed 
there  at  present. 

(b)  Birds  whose  known  beneficial  and  injurious  results  appear  to  balance, 

(c)  Birds  whose  relations  of  structure  ally  them  to  Group  III,  but  which  in  the 
kbsence  ofdata,  or  on  account  of  conflicting  statements,  cannot  be  placed  there 
at  present. 

Group  IIL 

Birds  whose  habits,  so  far  as  they  are  known,  render  them,  on  the  whole, 

iignrioos. 

In  this  group  are  placed  those  birds  whose  ability  to  do  injury  api)ears  to  ex- 
ceed their  beneficial  agencies.    It  is  divisible  into  two  classes: 

(a)  Birds  whose  known  habits  render  them  injurious  at  all  times. 

As  in  the  first  class  of  Group  I,  it  is  probable  that,  ultimately,  the  members  of 
this  class  will  all  be  placed  in  the  next. 

(b)  Birds  which  are  knoum  to  be  to  some  extent  beneficial,  but  whose  known 
injuries  exceed  their  knoum  sermces. 

How  shall  a  bird^s  food  account  be  expressed  numerically  in  terms  of  debit 
and  credit  f  This  is  at  once  the  most  difficult  and  the  most  important  of  all 
the  questions  requiring  solution  in  order  to  express  the  specific  economic  rela- 
tions of  any  bird. 

Nothing  can  be  more  certain  than  that,  after  the  food  of  a  bird  has  been 
classified  under  the  heads  ** Elements  Beneficial"  and  **  Elements  Detrimental" 
to  man,  neither  the  relative  volumes  nor  the  relative  weights  of  these  two 
classes  of  materials  can  express  the  true  economic  relations  of  the  bird. 

If  we  compare  the  com  plant-louse,  the  gall  stage  of  the  grape  phylloxera, 
the  plum-curculio,  the  small  parasitic  military  microgaster,  which  lays  itr«  eggs 
in  several  kinds  of  cut  worms,  the  i)otato-beetle  and  the  chinch-bug,  with  the 
large  coral- winged  grasshopper,  bulk  for  bulk,  the  ratios  will  appear  about  as 
follows: 

1  coral- winged  grasshopper  =  12,000  military  microgasters. 

1  coral- winged  grasshopper  =  8,000  phylloxera. 

1  coral- winged  grasshopper  =  1,500  com  plant-lice. 

1  coral- winged  grasshopper  =      750  chinch  bugs. 

1  coral- winged  grasshopper  =r        60  plum  curculios. 

1  coral-winged  grasshopper  =         7  potato-beetles. 

1  coral- winged  grasshopper  =  1,000  young  potato-beetles. 

By  a  system  of  gauging  bulk  for  bulk,  it  is  evident  from  the  table  that  one 
coral- winged  grasshopper  eaten  by  a  bird  would  give  it  a  credit  which  would 
offset  completely  the  destruction  of  12,000  military  microgasters,  a  proposition 
sufficiently  absurd.  The  same  system  of  gauging  would  also  count  the  destruc- 
tion of  seven  adult  Colorado  potato-beetles  as  the  full  equivalent  of  1,000  very 
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yoong  beetlefl  of  the  same  BpedeB,  while,  as  a  matter  of  fact,  the  destmction  of 
■even  very  young  beetles  should  be  counted  a  greater  service  than  the  destruc- 
tion of  an  equal  number  of  adult  forms,  since  not  only  is  the  food  required  to 
mature  the  young  beetles  saved,  but  the  possibility  of  a  deposition  of  seven 
thousand  eggs  (it  is  estimated  that  one  female  may  lay  one  thousand  eggB),  is 
effectually  precluded. 

The  fragmentary  condition,  also,  of  the  contents  of  a  bird's  stomach  renders 
any  purely  quantitative  system  of  gauging  as  fruitful  of  false  values  as  does  the 
inequality  of  size  and  weight  among  insects.  A  single  maxilla,  a  bit  of  elytron, 
or  a  small  wing  would  count  for  almost  nothing  in  the  account  by  such  a  sys- 
tem, while  each  is  positive  proof  of  the  dxtruction  of  a  whole  insect  of  some 
kind,  no  matter  how  small  the  fragment  may  be. 

But  when  insects  are  estimated  bulk  for  bulk  with  grains,  weed  seeds  and 
fruits,  the  diversion  from  true  relations  reaches  the  maximum. 

A  peck  of  plums  and  a  peck  of  curculioe,  a  peck  of  wheat  and  a  peck  of 
chinch-bugs,  or  a  peck  of  com  and  a  peck  of  cut-worms,  are  manifestly  not  to 
be  considered  as  equivalent  values  on  opposite  sides  of  any  account. 

Even  in  those  cases  where  the  individuals  are  nearly  equal  in  bulk  and  weight, 
there  is  often  little  justice  in  offsetting  one  with  the  other,  for  then  no  account 
will  be  taken  of  the  relative  service  or  injury  of  the  two  species,  or  of  the  dif- 
ferent rates  of  reproduction. 

In  view  of  the  fact  that  we  have  no  standard  of  insect  values,  and  that,  in 
the  present  state  of  progress  of  entomological  science,  a  satisfactory  one  can 
hardly  be  furnished,  the  simplest  and,  I  believe,  all  things  considered,  the  most 
reliable  method  of  exhibiting  the  results  of  observations  on  the  food  of  birds,  as 
well  as  one  which  will  leave  the  materials  accumulated  in  the  most  available 
form  for  subsequent  more  critical  examination,  is  to  exhibit  the  number  of  indi- 
vidual forms  of  life  which  a  bird  can  be  proved  to  have  eaten  in  as  systematic 
a  form  and  as  specifically  as  possible.  In  the  tables  which  follow  under  the 
various  families  of  birds,  an  effort  has  been  made  to  do  this.  The  second  table 
in  each  case  exhibits  the  details  as  far  as  they  could  be  shown  in  the  space 
allowed,  and  the  first  table  exhibits  the  same  facts  brought  together  under  the 
heads  **  Elements  Beneficial,"  "Elements  Detrimental,**  and  '*  Elements  whose 
Economic  Relations  are  Unknown."  There  are 'two  general  tables  introducing 
the  body  of  the  report  which  exhibit  the  same  results  for  all  of  the  birds 
examined,  brought  together  under  the  families  to  which  they  belong. 
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Tabular  mmnarp  of  the  n*ult»  of  an  examinatton  of  the  eoHtetita  of  tlte  Horn- 
acha  of  IfiOS  bird*. 
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Tbbulur  tummary  of  the  resulto  of  an  examination  of  the  eonlentt  of  (ft«  ftom- 
acht  of  1,608  bird*. 
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TTFES  OP  THE  TRIMQFAIi  GROtTPS  OF  SBNBFIClAL  AND 
DETRIUENTAL  AN£UALS  PREYED  UPON  BT  BIRDS. 


Bui.  Tbcoc  eUinE  lemstriiJ  mad  vndi 
litcCD  1 — Shicm  and  UdIci. 


iDtlrimtntal) 


BATRACHIAHS.  iBemefiaal) 


FISHEa  (.Stneficial') 


CBT7STACEANS.  {.DtUimeitlai^ 

Thne  baildiiie  dajchimneji  {ninud(7Wi.C??) 


SPIDEB8.  (BatpAi.) 

ThoK  prtyiog  upnn  dcliimtnlal  in 


MYRIAPOD&  (BenefidQl.) 
Thoupcqrlag  npoo  detrtmenltl  inaeeti. 


.  >HUlCt»  UKWUV 
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rsaioi. 

TZESS  OF  THE  TUHOPAL  CRGUFS  OF  BESEHCULASD 
DETKIHENTAI,  ANIMALS  FRETED  UPON  BY  BDUS. 
{_Bn^tiai:i  HTKEVOFTERA.  tJiarimamL^ 

noM  >iut  m  pamif ic  or  pti-itnw  a*  TfcoK  cttisc  harci.  hrriaf  a 

9^=igid    imeca; 1«  fci**  i^.^    t^    ^"^.i^  dad^nlb;—  '^^^ —  "" —  "^ 

i'tia,  ^-FanJlc)  nd  SoGtnr  WafB-  nd  GaA-FBo 


TIkbc  ieedJng  on  DKhl  pUaa  m 
mtU;— Gniti,  Call-Gnui,  Cnnc-.Bc 
HoEK-Flia. 


ThoK  prerine  upon  dariaenUliBMCt)  mil  Tbow  reedlne  on   Dufiil    pluu;— Click 

cicrion; — lAdj-Birdi.  Tiger-  Gravul-  Ott-  LoDghoiaed,  I^ellioi.-^i. ard  Lof-Beellci 

rion-  ud  Rorc-Bcclla.  Cnte-Wire  worattiWood-borr^  W  Weerib. 


TIOBK  BKBTLB. 


APPLE  TRKE  BORER. 
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TYPES    OF  THE   PRINCIPAL  GROUPS  OF  BENEFICIAL  AND 

DETRIMENTAL  ANIMALS  PREYED  UPON  BY  BIRDS. 


HEHIFTERA. 


(lyefrmettta/) 

:king  Ibe  juice  of  oseTuI  plants; 

■3aiii3(-rii«,     Leaf-Hoppen,     Plant-Ucc. 
Chinch-Bugs,  dc 


1^^^         ^^     ^ 


PLAVT  LOUSE. 


XTEUHOPTERA.  {.Beneficial:) 
Those  preying  upon  detrimenlal  insects;— 
D.T^-i-^ies,  Due-Win^  and  Ani-Llona. 


OBTHOPFEBA.  (Detrimental.') 


Q  FLX.  UULVE.  COOMS  lOCB. 


Family  TURBIDJ::     Thbushes, 

Fiu.  100. 


\TurdMtmlgratoriH*i.     From  Bolrd,  Ridgwaj  and  Brewe 
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Table  ahowing  the  number  of  birda  which  had  eaten  (!)  vegetal  and  (t)  animal 
fnod.  ana  the  economic  ebaracfer  of  the  latter  fmontly  imectaj  under  the 
heads  JUii'Jlckil.  Ih  Inm.  uliil  and  UnJcnomn  Relations. 
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y  iiwrf,  /ood  aif Mi  Ay  Oc 


L  TuzDUS  assAiOBniB,  Unc    COKHOX  ROBIN.    Grocp  L    Clas  h. 

The  Bobin  U  tlw  Uisot  and  the  moct  Aboodant  of  the  llnishes,  as  it  is  the 
moat  coofidiiig  and  familiAr.  With  ns,  it  frequents,  bj  preference,  agrjcoltunl 
district*,  and  ia  eapeciaU;  attncted  to  towna  and  TiUagtu  and  to  the  BDbarta, 
foika  and  c«tiu:teriea  (rf  large  cities.  Kot  less  than  a  hundred  pain  of  Bobins 
reared  their  young,  in  1878,  within  the  city  limits  of  Ithaca,  N.  Y. 

la  ita  method  of  obtaining  food,  arvd  in  tlie  sitaatioD  from  which  its  food  ia 
gUaoed,  the  Bobio  performs  a  very  important  work,  and  one  for  which  few 
other  birds  are  so  well  adapted.  So  important  is  this  work  that  Ihe  quantity  of 
■mall  fruits  which  it  oonsomes  is  but  a  stingy  compensation  for  the  services 
which  it  renders,  and  I  know  of  no  bird  whose  greater  abundance  is  likely  lo 
prove  of  more  serrioe  to  the  country.  Its  eminently  terrestrial  habits,  its  fond- 
ness for  larree  of  Tarioos  kinds,  and  its  ability  to  obtain  those  which  are  hiddeo 
beneath  the  turf,  gire  it  a  osefulneas  in  destroj^ng  cat-worms,  in  the  larval 
state,  which  nci  other  bird  poesessea  in  the  same  degree,  and  for  this  feature  of 
its  economy  alone  its  greater  abundance  should  be  encouraged. 

Early  in  the  momiug  and  towards  the  close  of  the  evening,  the  Robin  may 
often  l>e  seen  searching  after  cut-worms  in  lawns,  pastures  and  meadows,  and 
when  thus  engaged,  it  hops  about  apparently  gazing  more  at  distant  objects 
than  searL'hing  for  something  near  at  hand;  then,  suddenly,  it  commences 
tearing  up  the  old  grass  and  turf  with  its  bill;  and,  in  another  instant,  it  stands 
triumphant  with  its  wriggling  prize  in  its  bill,  for  it  rarely  digs  in  vain.  I  hare 
seen  a  Robin  capture,  in  this  manner,  five  cut-worms  in  less  than  ten  minutes; 
and  Ave  other  birds,  within  Tiaw,  wen  doing  the  BBine  woA. 
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Almost  invariably  the  larv8B  were  beaten  upon  the  ground  ^d  more  or  less 
mangled  before  they  were  eaten;  and  by  taking  advantage  of  the  Robin  when 
she  lays  her  prey  upon  the  ground,  by  throwing  something  at  her  she  can 
usually  be  driven  away  and  whatever  she  has  captured  obtained.  How  the 
Robin  discovers  these  cut-worms  is  not  easily  explained.  It  is  possible,  however, 
that  the  larvss  while  gnawing  at  the  bases  and  roots  of  the  gi'ass  stems,  while 
secreting  themselves  after  their  night's  raids,  or  while,  toward  evening,  they 
grow  restless  and  hungry,  the  slight  movements  which  they  produce  among  the 
grass  are  sufficient  to  betray  their  hiding  places  to  the  Robin.  It  should  be  ob- 
served in  regard  to  these  cut-worms,  that  large  numbers  of  them  are  destroyed 
by  various  birds  just  after  showers  and  during  cool,  drizzly  and  lowery  days, 
when  the  absence  of  the  scorching  rays  of  the  sun  enables  them  to  feed  with 
quite  as  much  comfort  as  during  the  night.  Facts  like  these  should  weigh 
heavily  against  such  a  priori  reasoning  in  regard  to  the  general  utility  of  birds, 
as  **  many  (insects)  are  nocturnal  and  hide  by  day,  with  that  instinct  of  self- 
preservation  which  is  aa  much  developed  in  them  as  in  larger  animals."  It  may 
be  added  here,  that  possibly  the  greater  activity  which  birds  evince  at  the  ap- 
proach of  and  during  stormy  weather  may  find  a  partial  explanation  in  a  corre- 
sponding activity  of  insect-life,  which  would  enable  them  sooner  to  obtain  a  meaL 

While  the  Robin  obtains  a  greater  part  of  its  ^ood  upon  the  ground,  it  does  not 
reject  those  insects  which  it  meets  while  passing  among  the  branches  of  trees 
and  shrubbery;  and  its  ability  to  discover  these  insects  is  quite  remarkable.  I 
have  seen  it  throw  itself  from  the  boughs  of  an  oak  tree  into  a  grape  vine 
standing  three  rods  distant,  and,  without  stopping,  seize  and  bear  to  the  ground 
a  hog-caterpillar-of-the-vine  which  had  attained  about  two-thirds  its  full  size. 
The  expedition  with  which  this  capture  was  made  convinced  me  that  the  Robin 
must  have  marked  its  prey  before  it  left  the  tree,  and  that,  after  all,  *'  mim- 
icry "  of  colors  does  not  furnish  that  protection  to  insects  against  birds  which 
appears  to  be  supposed. 

All  are  familiar  with  the  situations  in  which  the  Robin  builds  hei  nest,  and  in 
this  connection  it  need  only  be  added  that  it  is  always  located  out  of  the  way, 
where  nothing  but  wilful  hands  and  marauding  cats  are  likely  to  disturb  it.  The 
two  or  three  broods  of  from  three  to  five  individuals  each  indicate  how  destruc- 
tive to  insects  it  must  be,  and  how  abundant  it  may  become  if  properly  protected 
and  encouraged.  It  is  generally  amicable  in  its  relations  with  other  birds,  and 
allows  those  whose  haunts  are  similar,  but  whose  work  is  different,  to  associate 
with  it.  Should  this  species  become  excessively  abundant,  it  may  be  easily 
reduced  without  resorting  to  fire-arms  —  instruments  whose  murderous  use  has 
made  them  terrifying  to  birds  of  all  kinds, — for  their  nests  are  easily  discovered 
and  reached. 

The  results  obtained  from  an  examination  of  thirty-seven  stomachs  of  the 
Robin  are  indicated,  in  a  general  way,  in  the  two  tables  introducing  the  family. 
Of  these  specimens  one  was  taken  in  March,  one  in  April,  eleven  in  June,  thir- 
teen in  July,  five  in  August,  six  in  September  and  one  in  October. 

Five  birds  had  eaten  eleven  cut-worms;  three,  five  wire-worms  (Elaters);  five, 
six  grub- worms;  two,  two  caterpillars  (Arctians);  one,  a  hog-caterpillar-of-the- 
vine  (Choerocampa  pampinatrix);  five,  eight  scarabeans;  two,  two  curculios 
(Brevirostres);  one,  a  click-beetle  (Elater);  one,  an  ichneumon-fly  (Anomalon?); 
two,  two  spiders;  one,  a  millepede;  two,  two  angle- worms;  six,  nine  grasshop- 
pers; two,  eight  grasshopper  eggs;  one,  a  moth;  three  (young  birds),  i)ellets  of 
grass;  one,  choke  cherries;  two,  black  cherries;  one,  raspberries;  one,  grapes 
one,  sheep  berries;  and  one,  berries  of  Indian  turnip. 
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From  the  stomach  of  one  Robin  were  taken  seven  cut-worms,  1.25  inches  long, 
six  other  caterpillars,  vaiying  from  three-fourths  to  one  inch  long,  two  small 
curculios  and  five  grape  seeds. 

From  the  stomachs  of  three  young  Robins  —  all  of  the  same  brood  —  were 
taken  respectively,  (1)  one  wire-worm,  one  grub-worm,  one  caterpillar,  several 
beetles,  and  a  pellet  of  grass;  (2)  one  wire- worm,  three  larvsa,  one  ground  beetle, 
one  lamellicom  beetle,  and  a  small  pellet  of  grass;  (8)  one  grub-worm,  one  cat- 
erpillar, several  small  seeds  and  a  pellet  of  grass. 

The  food  of  the  Robio,  as  indicated  by  others,  is  as  follows: 

**  Its  principal  food  is  berries,  worms  and  caterpillars;  berries,  those  of  the 
sour  gum  and  poke  berry"  (Wils.);  *' Chiefly  insects — especially  worms — and 
berries"  (Cooper);  **  Worms,  insects,  berries,  and  fruits"  (De  Kay);  *' Grubs  and 
caterpillars,  crickets,  grasshoppers,  grubs  of  locusts,  harvest-flies,  and  of  beetles, 
the  apple-worm  when  it  leaves  the  apple,  cut-worms,  silk-worms  "  (Samuels); 
''Larvas  of  BibionidsB"  (Packard);  *'Larv8B  of  Diyocampa  senatoria'^  (A.  J. 
Cook).  Prof.  S.  A.  Forbes  concludes,  from  an  examination  of  the  contents  of 
41  stomachs,  that  78  per  cent,  of  the  food  was  insects;  2  i)er  cent,  myriapods  and 
spiders,  and  28  per  cent,  grubs.  Twelve  per  cent,  were  caterpillars,  7  per  cent, 
beneficial  beetles  (HarpalinsB),  6^  per  cent,  noxious  beetles,  8  per  cent  orthoptera 
and  1^  i)er  cent,  noxious  myriapods.  This  record,  he  concludes,  indicates  fuUy 
as  much  injury  as  good  done  by  these  forty-one  birds. 

2.  TuBDXJS  MX75TELINUS,  Gic.    WOOD  THRUSH*    Group  I.    Class  b. 

This  rich-voiced  songster,  though  a  sununer  resident,  is  far  from  being  com- 
mon at  present,  even  during  the  migrations.  Its  favorite  haunts  are  the  osier 
and  alder  thickets  which  embrace  the  winding  streams  of  our  low,  deep  woods, 
but  during  the  fall  and  spring,  more  open  woods  and  groves  are  visited  by  it. 
Like  the  Robin  it  is  terrestrial  in  its  habits,  and  appears  to  obtain  its  food  in  a 
similar  manner;  but  its  secluded  retreats  forbid  any  direct  relation  to  agricult- 
ural interests  at  present.  There  are  indications,  however,  that  its  habits  are 
changing,  and  that  it  is  becoming  more  familiar. 

In  the  Germantown  (Pa.)  Telegraph  for  May  8,  1878, *  occurs  the  following 
from  the  pen  of  its  editor: 

•*  But  withm  the  last  five  years  it  (Wood  Thrush)  has  appeared  in  oxir  gardens, 
builds  its  nest  and  rears  its  young.  Last  year  they  had  considerably  increased 
upon  our  premises,  notwithstanding  much  of  the  cover  had  been  cut  away;  and 
already  this  season  they  have  made  their  appearance  quite  numerously  and  have 
begun  to  entertain  us  with  their  charming  song.  They  have  also  become  quite 
tame,  fully  as  much  so  as  the  Robin  or  Catbird.  This,  too,  in  the  very  face  of 
oxir  colony  of  House  Sparrows."  If  these  are  facts,  by  due  encouragement  and 
protection  we  may  hope  to  have  the  Wood  Thrush  much  more  abimdant  and 
familiar  than  it  now  is. 

Of  two  specimens  examined,  one  had  eaten  two  ants,  fragments  of  beetles, 
and  one  caterpillar;  the  other  had  eaten  fruits  and  beetles. 

Its  food,  according  to  Wilson,  consists  of  lichens,  berries,  caterpillars  and 
beetles.  Audubon  states  that  it  eats  berries,  small  fruits,  and  occasionally  in- 
sects and  various  lichens. 

Prof.  S.  A.  Forbes  says  of  the  contents  of  the  stomachs  of  twenty-two  birds 
which  he  examined,  that  •*  seventy-one  per  cent,  of  their  food  consisted  of  in- 


1  From  an  artiolo  «Upp9d  from  a  Boston  paper  and  kindly  sent  me  by  Dr.  Brewer. 
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Beets  and  twenty  per  cent,  of  fruit,  a  small  ratio  of  spiders  and  an  unusu- 
ally large  percentage  of  myriapoda '  making  up  the  remainder.  Blackberries, 
strawberries,  cherries  and  gooseberries  appear  among  the  fruits.  The  twelve 
I)er  cent,  of  myriapoda  were  mostly  Palydesraus  and  Inulus.  Harvest-men  were 
among  the  two  per  cenr.  of  arachnida,  orthoptera  were  six  and  hemiptera  one 
per  cent.  Wire-worms  and  snout-beetles  make  up  thirteen  per  cent,  and  the 
carabidse  amount  to  six  per  cent.  The  coleoptera  make  eighteen  per  cent,  and 
the  diptera  twelve  per  cent.  Lepidpptera  were  taken  in  about  the  same  amount, 
one-third  being  recognized  as  cut-worms,  while  ants  reached  the  unusual  aver- 
age of  fifteen  per  cent. 

8.  TuRDUS  UNALASOiE  NANUS  (AuD.),  CouES.    EASTERN  HERMIT  THRUSH. 

Group  I.    Class  b. 

The  Hermit  Thrush,  occasionally  at  least,  occurs  in  our  state  during  the  sum- 
mer, where  I  believe  it  also  breeds,  although  it  is  regarded  by  Dr.  Coues,  **  on 
the  whole,  a  more  northern  bird  than  any  of  its  allies.*'  Two  specimens  of  this 
species  were  obtained  July  22,  1876,  near  Waupaca.  Both  were  males.  The 
first  was  perched  near  the  top  of  a  dead  tree  standing  in  a  small  opening  in  an 
unfrequented  piece  of  upland  woods,  and  singing  merrily  when  taken.  Four 
other  birds  similarly  situated  in  the  immediate  vicinity,  and  just  as  joyous, 
hushed  their  voices  and  fled  when  their  comrade  fell;  the  other  was  surprised 
on  the  shore  of  a  small  lake  in  the  edge  of  a  grove  of  young  tamaracks.  Dur- 
ing the  fall  migrations  of  this  species,  which  begin  the  last  of  September,  it  is 
common  in  timbered  districts  where  pieces  of  woods  are  bordered  by  open 
fields.  In  the  spring  nearly  all  have  passed  us  to  the  northward  by  the  10th  of 
May.  Nelson  states  that  this,  and  the  two  varieties  of  the  Olive-backed  Thrush, 
frequent  vacant  lots  and  grounds  containing  shrubbery  in  Chicago,  in  large 
numbers  during  the  migrations — a  fact  which  bespeaks  for  them  a  growing 
familiarity.  As  with  all  of  the  Thrushes,  it  obtains  most  of  its  food  from  tHe 
ground.  Of  nine  specimens  examined,  one  had  eaten  twenty  ants;  three,  a  cat- 
erpillar each;  two,  three  grasshoppers;  six,  as  many  undetermined  beetles;  and 
one,  a  wire-worm.  One  had  eaten  wild  grapes,  and  one,  berries  of  the  Indian 
turnip. 

Of  eighteen  specimens  examined  by  Prof.  Forbes,  thirteen  per  cent,  of  their 
food  was  ants,  eighteen  per  cent,  lepidoptera,  twelve  per  cent,  carabidse  (includ- 
ing Dischirius  globulosus,  Platynua,  Evarthrus,  PterostichuSj  Amara,  Aniaodac- 
tylus,  Bradycellus  and  StenolophiisJ,  five  per  cent,  dung-beetles,  two  per  cent, 
curculios,  two  per  cent,  plant  beetles,  nine  per  cent,  hemiptera  (including  three 
per  cent.  HeduviidaB),  eighteen  per  cent,  grasshoppers,  and  a  single  lace-wing. 
A  few  of  the  caterpillars  were  measuring-worms.  Eighty-seven  per  cent,  of  the 
food  was  insects  proper,  four  per  cent,  arachnida  and  nine  per  cent,  herbivorous 
myriapods. 

4.  TuRDUS  USTULATUS  AucLffl  (Bd.),  Coues.     ALICE'S  THRUSH;  GRAY- 

CHEERED  THROSH. 

5.  TuRDUS  USTULATUS  SwAiNSONi  (Cab.),  Coues.    OLIVE-BACKED  THRUSH. 

Group  I.  Class  b. 

Considering  both  varieties  of  Swain soni  together,  this  Thrush,  aside  from  the 
Robin,  is  the  most  abundant  member  of  its  genus.  Neither  form,  so  far  as 
known,  nests  in  the  state;  Nelson,  however,  mentions  var.  Swainsoni  as  a  rare 
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summer  resident  in  Northern  niinois.  The  fall  migration  occurs  earlier  than 
that  of  the  last  species,  and  I  have  taken  both  varieties  on  the  same  day  —  Sep- 
tember 1st;  from  this  time  until  the  end  of  the  month  it  is  abundant.  During 
their  stay,  the  greater  number  spend  their  time  in  groves  of  small  trees,  but 
woods  bordered  by  fields  are  also  visited  by  them,  and  occasionally  they  glean 
along  fence-rows.    Rarely  one  enters  an  orchard  for  a  taste  of  grapes. 

Of  eighteen  specimens  examined,  three  had  eaten  seven  caterpillars;  five,  nine 
beetles;  four,  eleven  ants;  one,  four  moths;  one,  an  aphis;  one,  a  spider,  and  one 
the  grub  of  a  carab  beetle.  One  had  eaten  wild  grapes,  one  black  cherries,  and 
one  berries  of  Indian  turnip. 

From  the  stomach  of  one  specimen  were  taken  four  ants,  four  small  moths, 
one  aphis,  one  spider,  and  six  egga  of  some  insect,  apparently  those  of  some 
moth,  and  probably  from  one  of  the  moths  which  the  bird  had  eaten.  Birds  are 
often  mentioned  as  destroying  the  eggs  of  insects;  in  my  own  observations,  how- 
ever, I  have  never  found  egga  in  the  stomach  of  any  bird  which  did  not  appear 
most  likely  to  have  come  from  a  fecundated  insect  which  the  bird  had  eaten,  and 
it  is  my  opinion  that  birds  rarely  make  a  practice  of  hunting  insect  eggs. 

Prof.  Forbes  found  eight  stomachs  of  the  variety  Alice's  Thrush,  taken  in 
May,  to  contain  seven  ^r  cent,  of  moUusks,  forty-two  per  cent,  (of  every  bird) 
ants,  thirteen  per  cent,  of  caterpillars,  eight  per  cent,  of  crane  flies  and  two  per 
cent,  of  predaceous  beetles.  One  had  filled  itself  with  scavenger  beetles.  All 
had  eaten  small  curculios  amounting  to  two  per  cent. 

The  stomachs  of  six  specimens  of  Swainson*s  Thrush,  one  taken  in  April  and 
tlve  in  May^  contained  twenty-two  per  cent,  crane  flies,  twenty-eight  per  cent, 
ants,  five  per  cent,  predaceous  beetles  (Harpalidas),  several  curculios,  and  in 
one  stomach  was  found  a  mass  of  short-homed  borers,  Scolytiu  muticiLs,  Say. 


C.  TUBDUS  FU8CESCENS,  Steph.    VEERY;  tawny  THRUSH:  WILSON'S 

THRUSH.    Group  I.    Class  b. 

The  Veery,  though  a  summer  resident,  is  common  with  us  only  during  its  mi- 
grations. Its  haunts  are  among  the  shrubbery  of  low  deep  woods,  where  it  is 
oftener  heard  than  seen.  Like  the  Wood  Thrush  it  is  apparently  becoming  rec- 
onciled to  man,  and  is  beginning  to  assume  more  familiar  relationships  with 
him.  In  the  immediate  vicinity  of  Ithaca,  N.  Y.,  it  is  one  of  the  commonest 
birds.  In  the  cemetery,  and  in  the  glens  of  Cascadilla  and  Fall  Creeks  —  both 
of  them  are  close  by  the  campus  and  are  visited  by  students  every  day, —  all 
through  the  spring  its  subdued  song  has  been  one  of  the  most  attractive  features 
of  those  beautiful  scenes.  The  breeding  habits  of  this  Thrush  are  not  such,  at 
present,  as  to  ensure  it  a  very  great  abundance  in  agricultural  sections  of  the 
usual  topography,  for  it  builds  upon  or  close  to  the  ground,  where  it  is  more 
likely  to  be  disturbed  unintentionally  and  where  situations  suited  to  its  present 
tastes  are  rare.  Mr.  F.  H.  Severance  found  a  nest  of  this  species  placed  in  a 
little  opening  near  the  banks  of  Fall  Creek,  upon  a  small  bunch  of  flood-grass, 
and  only  hidden  by  the  tall  grass  which  grew  around  the  spot.  He  simply  looked 
into  the  nest,  without  touching  it,  and  came  away;  but  when,  two  days  after- 
wards, we  visited  the  nest  together,  we  found  that  the  suspicious  pair  had  for- 
s.iken  it.  Such  facts  as  this  show  how  cautiously  we  must  deal  with  these  timid 
I  »irds,  if  we  wish  to  retain  their  services  in  any  but  their  secluded  retreats. 
Niittall  mentions  an  instance  of  a  pair  of  these  birds  breeding  in  a  garden  near 
boston.    At  Ithaca,  I  have  seen  them  passing  from  the  flelds  back  to  glens  and 
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thickets  which  adjoin  them,  and  I  have  no  doubt  that  they  had  been  searching 
for  food. 

Of  eight  specimens  examined  one  had  eaten  two  ants;  one,  a  large  lamellicom 
beetle;  one,  tliree  wire- worms  (ElaterJ;  one,  a  larve  of  a  ground  beetle;  one,  a 
harvest-man;  two,  dogwood  berries;  and  one,  raspberries. 

Insects  (Samuels).  Beetles,  berries,  and,  in  Labrador,  blossoms  of  several 
dwarf  plants  (And.).    Canker-worm  (Maynard). 

7.  Mmus  POLYGLOTTU8  (L.),  BoDL   MOCKINGBIRD.  Group  IL    Class  a. 

This  is  a  southern  species  which  occurs  irregularly  in  the  state,  and  is  said  to 
nest  occasionally  near  Racine. 

8.  MDfus  Carolinensis  (Linn.),  Gray.    CATBIRD.    Group  II.   Class  b. 

Known  to  almost  everybody,  looked  upon  by  children  as  a  peevish,  snarling 
bird,  and  regarded  by  the  farmer  and  gardener  as  a  sly,  sneaking  robber,  the 
poor  Catbird  has  but  few  friends.  Although  not  one  of  the  best  birds,  he  ren- 
ders a  far  greater  service  and  does  much  less  injury  than  many  give  him  credit 
for.  Ebctremely  abundant  in  his  favorite  resorts,  with  us  the  whole  summer,  of 
good  size  and  active  habits,  his  aggregate  consimiption  of  food  is  large.  Lov- 
ing best  willow,  osier,  and  alder  thickets,  where  woods  slope  into  marshes,  the 
brush  piles  and  brambles  about  old  clearings,  the  hazel  patches  fringing  groves, 
and  the  tangled  hedges  that  often  grow  along  fences,  the  Catbird  can  do  but  lit- 
tle harm  while  in  these  haunts.  On  the  contrary,  he  must  render  there  mate- 
rial service,  for  such  places  are  the  nurseries  of  hosts  of  insect  forms.  It  is 
only  when  he  intrudes  upon  orchards,  gardens  and  vineyards  for  small  fruits 
that  he  can  be  looked  upon  as  injurious;  this,  however,  he  rarely  does  unless 
his  favorite  haunts  are  near  at  hand.  Occasionally  he  nests  in  those  gardens 
where  much  shrubbery  grows  along  the  fences,  and  his  familiar  feline  **  mew  '* 
is  sometimes  heard  in  our  villages. 

Of  twenty-two  specimens  examined,  six  had  eaten  twenty-four  ants;  two, 
three  grasshoppers;  one,  three  crickets;  three,  three  beetles;  one,  sheep  berries; 
two,  dogwood  berries;  one,  blueberries;  one,  choke  cherries;  one,  raspberries, 
and  one,  black  cherries.  From  the  stomach  of  one  bird  were  taken  three  crick- 
ets and  two  grasshoppers,  and  from  that  of  another  were  taken  one  ground 
beetle  (Harpalini  tj,  one  tipulid,  one  heteropterous  insect  and  one  larva  (cater- 
pillar?). Its  food,  according  to  others,  consists  of  strawberries,  cherries  and 
pears  (Wils.);  insects,  worms,  fruits  and  berries  (Cooper);  berries,  worms, 
wasps  and  other  insects  (De  Kay);  canker  worms  (Maynard).  Prof.  Forbes,  in 
discussing  the  economic  relations  of  the  Catbird,  after  having  examined  the 
contents  of  seventy  stomachs,  concludes  that  the  beneficial,  injurious  and  neu- 
tral elements  eat^n  by  the  birds  stand  in  the  relation  of  41  to  15  to  44.  Among 
injurious  insects  he  finds  the  birds  had  eaten  saw-flies  one  per  cent.,  lepidoptera 
seven,  leaf -chafers  two,  snout-beetles  one,  plant-beetles  one,  chinch-bugs  one, 
and  orthoptera  three,  making  a  total  of  sixteen  per  cent. ;  while  among  benefi- 
cial insects  he  finds  predaceous  beetles  five  per  cent.,  predaceous  hemiptera 
one,  and  arachnida  two,  making  a  total  of  eight  per  cent.  Deducting  the 
eight  per  cent,  of  beneficial  insects  from  the  forty-one  per  cent.,  it  is  seen  that 
thirty-three  per  cent,  of  the  food  consisted  of  garden  fruits,  while  fifty-two  per 
cent,  represents  the  amount  of  fruits  of  all  kinds  eaten  by  the  birds. 
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0.  Habpohhtscbds  kufdb  <lJin(.).'  Cab.   BROWN  THRtTSH;  SANDT 
MOCKINGBIRD;  TBEASBER.    Oroop  I.    Cuss  b. 

Although  a  common  and  familiar  bird,  the  Thrasher  ii  not  as  abundant  ai  the 
last  species.  Its  haunts,  too,  ai«  similar,  but  it  prefers  to  choose  them  in  open- 
inland  prairie  sections  rather  than  in  heavy  timbered  districts,  where  the  Cat- 
bird exists  in  great«r  abundance.  In  proportion  to  its  numbers,  it  also  makes 
more  frequent  visits  to  the  vicinity  of  dwelliags.  The  Brown  Thrasher  is  emi- 
nently terrestrial  in  its  habitB,'and  obtains  much  of  its  food  beneath  the  fallen 
let^ves  and  mould  of  ita  favorite  haunts,  and  for  this  work  the  strong  decurved 
beak  serves  ita  owner  admirably. 

Of  ten  specimens  examined,  one  had  eaten  two  crickets;  one,  two  grasshop- 
pers: five,  eleven  beetles  —  among  which  were  two  species  of  Harpalus;  three, 
three  larvss — among  them  caterpillars  and  a  grub  of  a  tiger  beetle;  two,  two 
moUusks;  five,  seeds;  one,  wheat;  and  one,  wild  grapes. 

"  lis  food  consists  of  worms,  which  it  scratches  from  the  ground,  particularly 
a  dirty-colored  grub  more  pemlciotts  to  com  than  nine-tenths  of  the  birds, 
'wasps'  and  beetles.  It  is  accused  of  scratching  up  com"  (Wils.).  "It  eats 
insects,  worms,  berries  of  all  sorts,  ripe  pears,  and  figB"(Aud.).  "Worms, 
insects  and  various  kinds  of  berriee"  (De  Kay).  Prof.  Forbes  has  examined 
the  contents  of  the  stonuKAis  of  sixty-four  of  these  birds,  and  estimates  the 
beneficial,  noxious  and  neutral  elements  to  stand  in  the  relation  of  33  to  36  to 
41.  Among  the  injurious  insects  eaten  were  seven  per  cent  lepidoptera,  ten 
leaf-cbafers,  two  Bpring-beetlee,  two  snout-beetles,  one  cbinch-bugs  and  four 
orthoptera;  while  among  the  beneficial  insects  were  six  per  cent  carabidee,  two 
predaceous  bemiptera,  one  spider  and  one  of  predaceoos  thousaad-lega.  From 
this  it  is  seen  that  twenty-six  per  cent  of  the  insecta  eat«n  were  injurious  and 
ten  per  cent,  beneficial,  including  the  spiders  and  myriapoda.  Twenty-one  per 
cent  of  the  food  consisted  of  small  fruits. 


Fauilt  BAXICOLn>£:  Stonechats  akd  Slubbibds. 
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IWmldr  Summary  of  Economic  Relatians  Blunting  the  number  of  specimerw  con- 
taining  animal  ajtd  vegetabk  food,  and  the  number  of  inaecti  and  spiders 
taken  from  the  ntomaeha,  cla»tified  as  to  economic  relations  under  the  heads 
Sen^ial,  Detrimental  aud  Unknoum  JRelattons. 
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10.  Si&LU  SiAUs  (Linn.),  Hald.    EASTERN  BLUK BIRD.    Group  I.   Class  b. 

The  Bluebird  haa  so  many  excellent  qnalidee  that  it  promiBes  to  become, 
under  proper  management,  one  of  the  most  readily  utilizuble  insecb-deetroyers 
which  we  have  among  birds.  It  is,  with  us,  almost  eiclustvely  inseotivorous, 
and  is  especiallj  destructive  to  grasshoppers.  It  captures  its  prey  upon  the  wing 
and  upon  the  ground,  giving  it  a  wide  range  of  food,  from  which  it  may  be  ex- 
pected to  maintain,  under  favorable  conditions,  a  steady  and  considerable  abun- 
dance. Its  long  summer  residence,  its  rearing  of  two,  sometimes  three,  broods 
each  season,  its  fondness  for  cultivated  fields,  and  its  willingness  to  breed  In 
bird-houses  protected  from  the  ordinary  enemies  of  birds,  and  beyond  the  dis- 
turbance of  the  machinery  and  live-skick  of  the  farm,  are  other  qualifications 
whicli  tend  to  place  it  in  the  front  rank  of  usefulness. 

How  to  cause  this  bird  to  take  and  maintain  a  greater  abundance  than  it  now 
has  is  a  question  of  great  practical  importance  to  all  classes  of  farming.  The 
fact  that  its  familiar  and  confiding  nature  has  not  made  it  more  numerous  among 
us,  appears  to  be  readily  explained  bj  its  breeding  habits.  In  its  unmodified 
ooodition,  ila  nest  is  usually  placed  in  some  hoUow  limb  or  tree;  and  as  a  natural 


480  ECONOMIC  RELATIONS  OF  OVR  BIRDS. 

coDflequence  the  Bluebird  is  driven  awa^  when  its  nesting  places  are  destroyed. 
But  as  Bluebirds  accept  so  gladlj  the  houses  which  are  eometimoa  provided  for 
them,  1  can  see  no  reason  why,  if  aufflcient  aud  suitable  breeding  places  were  put 
up,  thej  might  not  in  a  few  years  tiecome  far  more  numerous  tlian  they  are  now ; 
and  I  would  earnestly  recommend  that  our  farmers  genorally  should  put  up 
cheap  tiirit-houBes,  or  even  Bmall  boxes  provided  with  suitable  openings,  in  con- 
venient places  at>out  their  premises.  Not  one,  simply,  but  several.  Let  them 
be  put  up  in  the  trees  which  stand  out  in  the  fields  and  along  the  fences,  so  that 
the  birds  may  be  induced  to  live  where  their  services  are  most  needed. 

Of  the  twenty-seven  birds  examined,  one  had  eaten  two  ants;  two,  three 
moths;  four,  seven  caterpillars;  one,  two  tiger  l>eetleB;  one,  a  ground-beetle; 
sixteen,  twenty-one  g:ras8hoppers;  one,  one  cricket;  and  two,  a  spider  each.  One 
bird  ate  a  few  raspberries. 

Others  record  its  food  as  follows:  Principally  insects,  among  which  are  large 
baetlee  and  spiders.  In  the  fall,  benies  of  sonr  gum;  in  the  winter,  those  of 
red  cedar  (Wils.).  Numerous  insects,  among  these,  grasshoppers  (Samuels), 
Beetles,  caterpillars,  spiders;  in  autumn,  grasshoppers  and  various  kinds  of  ripe 
fmits  (Aud.).  Multitudes  of  noxious  insecta;  in  autumn,  cedar  berries  and  wild 
tarries  (De  Kay). 

Prof.  Forl>es,  after  examining  one  hundred  and  eight  stomachs  of  the  Bluebird, 
finds  them  to  contain,  among  noxious  insects,  twenty-six  per  ceut.  lepidopteia; 
three  per  cent  leaf-chafers,  and  twenty-one  per  cent,  orthoptera,  making  a  total 
of  fifty  per  cent;  and  among  beneficial  insects,  three  per  cent,  ichneumons; 
carabidie,  seven  percent,;  soldier-beetles,  one  per  cent.;  soldier-bugs,  three  per 
cent.,  and  spiders,  eight  per  cent. —  making  a  total  of  twenty-two  per  cent. 
Beventy-eight  per  cent  consisted  of  insects,  eight  per  cent,  of  spiders,  and  one 
pet  cent  of  myriapoda,  making,  with  thirteen  per  cent,  of  vegetable  food,  the 
whole  amount. 

Harm.— 3iaUa  arclica,  Arctic  Blueblld.  A  iliiKle  upeclmen  of  Chia  ipeclen  Is  said  to  luTebeen 
kt  Dubuque,  Iowa,  which  wu  tolcem  Iste  in  the  Call,  uixm  the  eut  side  of 
IT  that  place.    (Blrdi  of  NorthBastern  Illliiols,  p.  03,  by  E.  W.  Nalwo.) 


Familt  STLVIIBJ::  STLTiAa. 
Fia  108. 


o  SmoLCT  IReeviut  latrapa).    After  BaJrd,  Brewer  and  Bldgw^. 


ECONOMIC  RELATIONS  OF  OUE  BIRDa 


Tt^wlar  Summary  of  Economic  Sela  turns,  showing  the  number  of  apeeimens 
eoniaining  animal  and  vegetaiie  food,  and  the  number  of  inaeeta  and  »pidera 
taken  from  the  gtomaeha,  ela«sifl6i  as  to  economic  relatwns  under  the  heads 
Ben^fieiat,  Detrimenial  and  Unknoum  Relations. 
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Our  representativea  of  this  family  an  among  the  pigmies  of  the  forest,  and 
feed  upoD  insects  of  proportionate  size.  From  the  stomach  of  a  Ruby-crowned 
Kinglet  were  taken  a  chalcis-fiy  .08  of  an  inch,  and  two  beetles  only  ,07  of  an  inch 
long.  In  their  method  of  obtaining  food,  they  combine  with  the  habits  of  th« 
Fly-catchers,  those  of  tlie  Nuthatches  and  Warblers;  but  while  they  frequent 
similar  hauats  and  feed  upon  the  same  grounds  as  the  birds  whose  habits  they 
imitate,  their  dimiautive  size  and  great  agility  enable  them  to  perform  a  special 
Vol.  I— ai 
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wofk  bj  feeding  more  extensiTel j  upon  the  smaller  ineecte.  How  destmctiTe 
they  may  be  to  parantic  inaects  camioi  be  said  at  present.  That  their  whole 
make-np  fits  them  for  sach  work,  and  that  they  do  occasionally  destroy  them, 
is  certain,  bat  that  they  feed  as  extensiyely  upon  these  insects  as  upon  other 
forms  is  far  from  probaUe. 

11.  Begulub  CAisTDULi.  (Ldih.),  Licht.    RUBT-CROWNED  KINGLET. 

Group  L  Clax  b. 

Of  our  two  Kinglets,  Satrapa  is  perhaps  the  most  abundant.  Botii  are  mi- 
grants, and  daring  their  journey  ings  throng  the  settled  districts,  they  tarry  In 
orchards,  among  the  Tillage  riiade-trees,  in  groves,  in  thickets  bordering 
marshes  and  streams,  and  occasionally  in  more  open  woods. 

Of  seven  specimens  examined,  two  had  eaten  foar  small  caterpiHan;  three, 
five  beetles;  one,  an  ant;  one,  a  chalcis-fiy,  and  two,  bits  of  insects  not  identified. 

According  to  others,  its  food  embraces  maple  Uossoms,  pear,  apple,  and  other 
fruit-tree  blossoms  —  particularly  the  stamens.  In  Noyember,  it  feeds  upon 
numerous  black- winged  insects  which  infest  orchards  (Wils.).  Insects,  chiefly 
gnats  and  other  diptera  (Cooper).  Seeds,  insects  and  their  larvas  (De  Kay). 
Hinute  fiying  insects,  their  eggs  and  larvas  (Samuels).  A  single  specimen  ex- 
amined by  Prof.  Forbes  gave  indications  of  a  taste  for  lepidoptera,  scarabaBidsB, 
lady-bugs,  heteroptera  and  spiders.  I  believe  that  Wilson  was  mistaken  in  re- 
gard to  this  species  eating  blossoms.    It  was  probably  catching  insects  among 

UieODD* 

13.  BsauLUS  SATRAPA,  LiCHT.    GOLDEN-CRESTED  KINGLET.    Group  I. 

Class  a. 

This  species  passes  us  earlier  in  the  spring  and  returns  later  In  the  fall  than 
the  last.  The  15th  of  October,  1877,  it  was  abundant  in  the  heavy  timber  along 
the  Flambeau  river.  Of  nine  specimens  examined  two  had  eaten  twelve  small 
diptera;  three,  nine  small  beetles;  one,  five  caterpillars;  one,  a  small  chrysalid, 
and  three,  very  small  bits  of  insects,  too  fine  to  be  identified. 

According  to  others  their  food  embraces  larvae,  various  kinds  of  small  files, 
and  a  small  black- winged  insect  which  infests  orchards  (Wils.)*  Insects,  which 
a  takes  upon  the  wing  and  from  the  crevices  of  the  bark  on  trees  (De  E^y). 

18.   PouoPTiLA  COEBULEA  (LiNN.),  ScL.    BLUE-GRAY  GNAT-CATCHER, 

Group  II.    Class  a. 

This  species  is  said  to  be  not  uncommon  in  Wisconsin  and  to  breed  in  the 
state;  Mr.  Trippe  mentions  its  occurrence  in  Iowa  but  not  in  Minnesota;  and 
Mx.  Nelson  states  that  it  is  a  common  migrant  in  Northeastern  Illinois.  I  have, 
however,  never  met  with  it.  Indeed,  it  appears  to  prefer  on  the  whole  more 
southern  latitudes  than  ours.  Audubon  says:  it  prefers  the  skirts  of  woods 
along  damp,  swampy  places,  and  the  borders  of  creeks  and  pools  to  the  interior 
of  forests. 

Food:  Winged  insects,  particularly  mosquitoes  (De  Kay).  Seizes  insects  on 
the  wing  (Aud.). 
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14.  Pabxts  atricapillus,  Linn.    BLA.CK-CAPPED  CHICKADEE;  TIT- 
MOUSE.   Group  I.    Class  b. 

The  Titmouse,  with  its  sympathy-enlisting  **  chick-a-dee-dee,"  is  one  of  our 
abmidant,  hardy  residents  and  most  useful  little  foresters.  During  the  breeding 
season  it  is  principally  confined  to  larch  and  pine  tracts;  but  at  other  times  it 
searches  for  food  wherever  trees  may  be  found  —  along  fences,  in  orchards, 
about  dwellings  and  among  village  shade-trees,  as  well  as  in  groves  and  wood- 
lands. At  Ithaca,  N.  Y.,  it  has  been  a  frequent  visitor  to  the  University  campus 
all  through  the  spring  and  sununer.  Its  small  size,  its  method  of  feeding^  and 
its  great  agHity  enable  it  to  perform  a  very  useful  and  special  work.  In  feeding 
it  searches  most  diligently  among  the  outermost  branches  of  the  trees,  where  it 
often  hangs  back  downward  from  the  leaves  to  obtain  thcsa  small  larvae  and 
insects  which  are  accessible  only  with  difficulty  to  laifi^er  and  more  clumsy  birds. 
The  habit  which  it  has  of  picking  open  buds  for  insects  which  they  often  ccmtain 
has  led  some  to  infer  that  it  is  injurious.  Whatever  injury  it  may  do  in  this 
manner  must  certainly  be  trifling  when  ccHnpared  with  the  service  it  renders. 
If  the  Chickadee  is  as  destructive  to  insect  eggs  as  it  is  said  to  be,  its  winter  res- 
idence and  its  searching  habits  must  lend  great  additional  value  to  its  services. 
Evidently  if  this  bird  could  be  induced  to  so  change  its  breeding  habits  as  to  nest 
commonly  in  orchards  and  about  dwellings,  it  would  become  one  of  the' most 
valuable  aids  in  destroying  noxious  insects.  It  does  not  appear  improbable,  in 
vieir  of  the  fact  that  these  birds  build  in  sheltered  situations^  even  though 
usually  excavated  by  themselves,  that  they  might  not  come,  in  time,  to  nest  in 
houses  like  Bluebirds  and  Wrens,  if  they  were  properly  encouraged  to  do  sa 
Could  such  change  be  induced,  we  might  then  bring  them  readily  into  closer 
relationship  with  us;  for  they  are  already  becoming  familiar  in  cultivated  dis- 
tricts out  of  the  breeding  season.  I  believe  that  an  experiment  worthy  of  thorough 
trial  in  this  connection  would  be  to  put  up  in  their  breeding  haunts  some  sort  of 
cheap  houses,  perhaps  imitating  interiorly  their  own  excavations,  to  ascertain 
whether  it  is  not  possible  to  induce  them  to  nest  in  such  places.  If  such  a 
change  could  be  brought  about,  first  in  their  breeding  haunts,  we  might  then 
expect  to  bring  them  about  our  dwellings.  No  very  marked  immediate  results 
could  be  exi)ected  from  such  a  course;  but  future  prosperity  is  not  the  last  con- 
sideration with  which  we  should  deaL 

Of  twelve  specimens  examined,  seven  had  eaten  fourteen  larvas,  ten  of  which 
were  caterpillars;  seven,  thirteen  beetles;  two,  two  spiders;  one,  three  heterop- 
terous  insects  related  to  the  genus  Tingis;  and  one,  five  eggs  of  some  insect. 
One  individual  of  the  twelve  had  in  its  stomach  a  few  seeds. 

Food  according  toothers:  Pine  seeds,  sunflower  seeds,  insects  and  their  larvae 
(Wils.).  Nuts,  numerous  insects  and  their  larvae  (De  Kay).  Eggs  of  the  moth 
of  the  destructive  leaf -rolling  caterpillar  and  of  the  apple-tree  moth  and  canker- 
worm;  larvae  which  infest  buds,  caterpillars,  flies  and  grubs  (Samuels).  Though 
omnivorous,  they  prefer  insects  to  all  other  food.  Destroys  the  chrysalis  of  the 
woolly-bear,  Leucarctia  acrcea  (Brewer).  Insects, —  their  larvae  and  eggs — ber- 
ries, fruit,  aconis,  seeds  of  pine  and  sunflower,  and  poke- berries  (Aud.).  Canker- 
worms  (Maynard).     Caterpillars  and  plant-lice  (Forbes). 

15.  Parus  Hudsoniccs,  Forst.     HUDSON'S  BAY  TITMOUSE.      Group  II. 

Class  a. 
This  species  is  introduced  in  this  connection  on  the  authority  of  Dr.  Hoy,  who 
says:    *'  A  small  party  of  this  northern  species  visited  Racine  during  the  un- 
usually cold  January  of  1852.*'     Mr.  Nelson  states  that  Dr.  Velie  has  since 
observed  it  at  Rock  Island,  UlinoiB, 
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18.  SiTTA  Cabounensis,  Gm.    WHITE-BELLIED  NUTHATCH.    Oboxtp  L 

Glass  b. 

This  species  is  another  of  those  birds  whose  posinbilities  for  useftxlness  appear 
to  be  among  the  highest;  but  it  is  one  which  can  hardly  attain,  under  present 
management,  that  abundance  in  thickly  settled  districts  which  could  be  desired. 
It  has  conclusively  proved  its  desire  to  assume  familiar  relations  with  man,  and 
this  with  only  the  slightest  encouragement.  The  orchard,  ornamental,  and  shade 
trees,  as  well  as  the  groves  and  scattered  patches  of  woods  of  thickly  settled  dis- 
tricts, offer  it  an  ami^e  supply  of  food  and  need  its  protection:  but  few  yet  appear 
to  realize  that  if  these  birds  are  to  become  abundant  and  of  service,  they  must  have 
places  in  which  to  rear  their  young.  They  usually  place  their  nests  in  holes  in 
trees  and  stumps,  which  they  find  ready  formed,  or  excavate  for  themselves.  It 
is  usually  regarded  as  in  harmony  with  thrifty  husbandry,  in  gathering  the  yearns 
fuel,  to  select  from  the  woods  those  trees  which  give  evidence  of  decay.  Such 
an  economy,  however,  if  carried  to  an  extreme,  will  ultimately  leave  the  Nut- 
hatches and  Woodpeckers,  and  all  of  those  species  which  breed  in  hollow  trees, 
without  nesting  places,  and  will  necessarily  extirpate  them  from  sections  so 
modified,  and  deprive  the  country  of  their  services,  except  so  far  as  some  of 
these  birds  may  be  able  to  form  new  habits  which  are  more  in  harmony  with  the 
altered  conditions.  The  practical  questions  which  these  facts  suggest  are  these: 
Are  the  services  of  this  class  of  birds  sufficiently  great  to  justify  the  preserva- 
tion of  their  nesting  places?  Is  it  probable  that  these  birds  can  so  modify  their 
habits  as  to  place  themselves  in  harmony  with  the  new  features  which  our  coun- 
try is  assuming  so  rapidly?  That  this  Nuthatch  gathers  its  food  from  a  field 
where  some  of  our  most  destructive  insects  abound,  there  can  be  no  question. 
In  proof  of  this,  it  need  only  be  said  that  almost  its  whole  time  is  spent  search- 
ing about  and  upon  the  trunks  and  larger  branches  of  trees  in  quest  of  insects, 
and  that  in  such  situations  as  these  the  wingless  female  of  the  canker-worm,  the 
larvas  and  pupae  of  the  codling  moth,  the  adults  of  the  round-headed  and  flat- 
headed  apple-tree  borers,  and  a  host  of  nocturnal  moths  and  other  insects  may 
be  destroyed  by  it.  That  the  particular  insects  which  have  been  mentioned  are 
so  destroyed  cannot  be  asserted  positively  at  present,  yet  it  is  highly  probable 
that  they  are,  for  its  record  of  food,  meagre  as  it  is,  proves  that  it  does  feed 
upon  closely  allied  forms. 

In  regard  to  the  other  question  little  can  be  said  at  present.  The  fact,  how- 
ever, that  the  Nuthatch  does  not  always  excavate  the  holes  for  its  nest  indicates 
that  it  is  not  very  particular,  and  gives  some  grounds  for  the  hope  that  it  may 
yet  be  induced  to  breed  comnjonly  in  groves  and  orchards.  Wilson  states  that 
it  sometimes  nests  in  hollow  rails  in  fences,  and  in  the  wooden  cornice  under  the 
eaves  of  houses.  When  an  old  tree  is  cut  down,  whose  branches  are  hollow  and 
have  been  occupied  by  these  or  other  birds,  it  would  be  very  desirable,  by  way  of 
experiment,  to  fasten  the  perforated  portions  of  the  limbs  in  other  trees  to  as- 
certain whether  they  might  not  in  those  conditions  still  be  used  by  birds  as  breed- 
ing places.  The  same  experiment  might  be  tried  in  orchards.  Should  they 
prove  acceptable  to  the  birds  there  would  then  be  no  need  of  allowing  all  de- 
caying trees  to  stand  for  this  pui*pose. 

Food:  Of  twenty-five  specimens  examined,  fourteen  had  eaten  thirty-two 
beetles— among  which  were  three  elaters,  one  long-horn  and  a  lady-bug  (?);  one, 
'  two  ants;  one,  two  caterpillars;  one,  two  grubs  of  a  beetle;  one,  a  spider;  one, 
a  chrysalid;  one,  small  toad-stools;  five,  acorns;  and  one,  corn. 

According  to  others:  Ants,  bugs,  insects  and  their  larvae,  spiders  (Wils.). 
Larvae  and  eggs  of  insects  (Samuels).    Insects  are  its  favorite  food  at  all  times. 


ECONOinC  RELATIONS  OF  OtHB  BIRDa  487 

It  seems  to  break  open  acorns  and  cheetnuts  for  the  included  Insects  (And.). 
Prof.  Forbes  records  finding  in  the  stomachs  of  four  birds  of  this  species  evi- 
dence that  it  eats  many  beetles,  NitidnJiddte,  Cetoniidte  and  lady-bugs.  One 
had  eaten  com. 


TloB  species,  so  far  as  I  know  It  personally,  is  only  a  nugrant  of  a  somewhat 
meagre  and  irregular  abundance.  A  few,  however,  are  said  to  nest  near 
Racine,  and  a  greater  number  in  the  northern  portion  of  the  state.  Mr.  Kelson 
mentions  it  as  a  rare  summer  resident  in  Northeastern  Dlinois.  It  was  not  ob- 
served in  the  w[>odH  of  Oconto  county  during  the  month  of  August,  187S,  nor 
during  a  trip  of  a  week,  from  Worcester  to  Wisconsin  Valley  Junction,  the  last 
of  July,  1876.  In  October  of  1877,  it  was  observed  several  times  in  the  woods 
along  the  Flambeau  river.  I  have  taken  but  four  specimens — September  13, 
1870, —  and  except  those  mentioned  above,  these  are  the  only  ones  which  I  have 
observed.  It  is  said  to  build  its  nest  in  low  dead  stumps,  seldom  more  than  four 
feet  from  the  ground.  Hr.  Rice  >  is  said  to  have  observed  a  pair  feeding  their 
unfledged  young  the  last  of  April,  1874,  in  an  excavation  in  a  tree,  standing  on 
one  of  the  principal  streets  of  the  town  of  Evanston.  The  similarity,  in  habits 
and  baunts,  of  this  species  to  its  more  familiar  congener,  renders  it  probable 
that  it  does  a  similar,  though  less  important  work.  Its  more  northern  habitat 
suggests  that  it  can  hardly  be  of  much  service  to  ue  except  during  its 
migrations. 

Food:  The  four  specimens  examined  had  in  their  st^Mnachs  fifteen  beetles, 
three  ants  and  six  other  small  insects. 

Insects  and  their  larva  and  fine  seeds  (Wils.).    Insects  and  the  seeds  of  ever- 
greens (De  Kay).    Insects  and  their  larrm  whioh  are  caught  in 
bark  and  under  it  (Aud.). 


Familt  CEBTHIID.£:  Obbepbeb. 
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at  (Cerlhio  famUiarUi.    Aftv  Balrd.  Brewer  and  Eldgnay. 
'Birds  o(  Kortlieasleni  miBOlti,  b7  E.  W.  Nelson. 
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10L  Qectbu  PAxniAKB,  Lax.    BSOWX  CSEEPEB.    Gkocp  L    CXasb  b. 

ne  Brown  Creeper  if  Wff^tWf  of  Ummb  bndi^  whkji,  like  the  ^'nthitrhfi. 
•cmnbk*  afaoot  the  trnnkB  aod  iu]ger  blanches  at  trees  in  quest  o<  food, 
nsii^  its  long,  slend^,  dteamd  biD  to  lemOTe  those  gmall  inaects  that 
hide  in  the  creritv  of  the  bwk  and  nnder  it  In  the  Dorthem  pcwtiooa  of  (be 
itato  it  is  resident  throo^ioat  the  Tcar.  In  the  taO  it  q>read3  soathwaid,  to  t^ 
tnni  again  in  the  spring.  Its  fitvoritc  hatrnts  are  the  deep,  heaTj  woods,  but 
daring  its  migiatioiis  it  Tentoies  near  the  atxides  of  man  and  is  often  seen  in 
cities.  Kr.  Xelson  states  that  he  has  seen  as  manv  as  a  dozen  of  these  birds 
t^oo  tite  aide*  at  a  boose  at  once,  in  Qiiaigo,  sesrctuDg  after  BnaQ  B|>deTa. 

Knnngh  h^e  been  said,  in  *i»*  introduction^  to  indicate  tbe  value  of  the  kind 
at  work  which  this  bird  does,  and  that  it  riioald  be  more  abundant.  It  is 
diffictitt  to  ezi^ain  why  Urds  whit^  laj  as  many  eggs  as  tliis  and  the  Black' 
aqiped  Htmoosedo,  and  in  piacee  apparmtlj  so  aecum  from  tbe  plAnderers  of 
Mrdi^  nests,  as  we  know  tbem,  do  not  beoonte  more  nomeroas.  The  sobject  is 
one  which  needs  careful  investigation.  It  mar  be  added,  in  connection  with 
what  hss  already  been  said  ol  sqairrela  robbing  birds'  nests,  tiiat  the  cbipmnnk 
has  been  known  to  capture  and  carry  away  jonog  chickens,  and  that  this  fact 
■nggeats  that  it  may  also  be  a  danaeroos  enemy  to  maO  birds.  If  eo,  its  small 
siie  enables  it  to  enter  afanost  any  nest  which  is  bnilt  in  hcdlow  trees,  and,  hence, 
only  the  ability  of  tite  hiid  to  ward  off  its  attacks  remains  as  a  aafegnard 
a^inst  iL  I  make  these  ststementa  not  as  an  aocnsatiiHi  against  tbe  little 
striped  eqninel,  hot  as  ■■»■<■'— Hag  ^  &dd  in  which  careful  obserratiMi  is  needed. 
Tbe  flying  sqoirrel,  too,  as  I  have  sbown  in  another  place,  is  timd  <^  Inrds'  eggs, 
aiMl  migfat  rob  tbe  neats  of  tlteae  and  other  birds  in  tbeir  absence.  Tbe  litUe 
red  aqnirrel,  in  many  caaei^  might  also  oUer  the  neela  of  this  qwdes. 

Food:  Only  three  *tnmmfhM  at  this  species  bare  been  examined;  one  waa 
empty,  one  contained  three  small  beetles,  and  one  thiee  small  insects. 

Bags,  pine  seeds  and  fongi  (Wils.).  Insects  and  the  seeds  of  pines  (De  Eaj), 
Spiders  (E.  W.  Nelson). 


Fault  TBOtiLOOTTIPJE:  Wsehs. 


a  ViD(3V«0ln4F(«ll«Mrfini4.    Aner  Bsird,  Brmnr  and  Bidcw^. 
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ibular  8umma7T(  of  Economic  Sdatiotu  ahomng  the  number  of  tpeciment 
containing  animal  and  vegetabU  food,  and  the  number  of  inmcta  and  etuxils 
taken,  from  the  atomacht,  claasified  aa  to  economic  relatione  under  the 
heads  Beneficiai,  Detrimental  and  Unlmown  Rdationi. 
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IS.  Thtothobus  LCDOTUOAHm  (OK.),  Bp.    CAROLINA  W&BN.    Orodp  11. 


The  habitat  of  this  Wren  ia  so  pccuUarl;  eouthero  that  it  can  oalj  be  regarded, 
at  preeeat,  as  a  rare  ettagglec  in  Wisconsiii. 


SO.  Tboglodytes 


(Bastr.),  Coues.    house  WREN.    Obodf  L 


The  HouBe  Wren  ie  a  common  aummer  resident,  but  at  present,  with  ns,  a 
bird  of  heavily  timbered  districts  rather  than  of  openings  and  prairie  sections. 
In  the  older  Eastern  and  Middle  States  it  has  aasumed  much  more  familiar  and 
intimate  relationship  with  man  than  with  us;  there  it  is  common  about  dw^- 
inga  and  nests  in  bird-houses,  in  the  cornice  of  buildings,  under  the  eares.  and 
ia  hollow  cherry  trees.  Habits  similar  to  these  are  being  aaaumed  by  our  birds, 
but  at  present  they  are  moat  abundant  in  woods  where  the  upturned  roots  and 
tanked  branches  of  trees  are  common.  It  ia  very  destructive  to  insects,  feeding 
t  SDtiraty,  if  not  wholly,  upon  them,  and  is,  therefore,  a  bird  which  any 
it  make  destructive  to  grains  or  fruits.  It  rears  a  large  family, 
n  two  each  si 
10  should  be  spared  is  attracting  these  birds  to  our  dwellings  and  in  ee- 
g&eirhomcs  along  the  fcnco^ron's  of  cultivated  fielda  The  accusation 
ifht  against  thum  in  the  East,  of  their  driving  Bluebirds  out  of  their 
d  appropriating  them  to  their  own  uie,  is  no  great  objection.  Houses 
l^^ian  should  be  gladly  provided  for  both  species.  This,  how- 
d  to  the  difipositiou  ot  these  two  species  upon  the  farm, 
t,  its  method  of  obtaiiiiDg  food,  and  its  haunts,  fit  it  besl 
y  tIuts  it  diottld  be  Mpadallr  enconraged;  the  HouBO 
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Wren  is  especiallj  fitted  to  do  work  among  the  shrubbery  of  orohards,  gardens 
and  yards,  and  these,  particularly,  should  be  the  foci  of  its  labors. 

Food:  From  three  specimens  were  taken  seven  caterpillars;  from  two,  nine 
beetles;  and  from  one,  a  grasshopper. 

Insects  and  their  larrse  (Wils.).    Insects,  their  larvsd,  and  spiders  (Samuels). 

Four  specimens  examined  by  Prof.  Forbes  contained  only  beetles  and  hemip- 
tera.    The  beetles  were  ground-beetles  and  Hydrophilidss. 

21.  ANOETHUBA  TBOaiX>DTTBS  HYEHALIS    (WiLS.),  COUES.     WINTER  WREN. 

Gsoup  I.    Class  b. 

In  the  northern  portion  of  the  state  among  the  heavy  timber,  where  this  species 
is  common,  it  is  a  smnmer  resident.  In  this  region  it  frequents  the  line  of  the 
Wisconsin  Central  Railroad,  and  often  affects  the  large  piles  of  slabs  that  are 
drawn  out  from  the  saw-mills.  In  the  southern  portion  of  the  state  it  only 
occurs  during  its  migrations. 

Food:  Of  three  specimens  examined  one  had  eaten  three  ants;  one,  a  geo- 
metrid  caterpillar;  one,  three  beetles;  and  one  a  dragon-fly. 

Insects  and  their  larvae  (Wils. ).  Prof.  Forbes  found  in  one  stomach  evidence  of 
ants,  moths,  caterpillars,  ground-beetles,  rove-beetles,  diptera,  day-flies  and 
spiders. 

22.  Telmatgdytes  PALUSTSis  (Babtb.),  Cab.  LONG-BILLED  MARSH  WREN. 

Gboup  I.    Class  b. 

As  the  name  of  this  species  implies,  it  is  a  denizen  of  marshy  tracts,  and  in  all 
of  these  places  it  is  an  abundant  summer  resident.    Its  broods  are  two;  and  its 
eggs  six  or  eight  in  nimiber.    It  loves  best  the  swampy  borders  of  streams,  * 
lakes,  and  ponds,  where  coarse  sedges,  reeds  and  wild  rice  abound,  but  it  also 
frequents  the  adjoining  wet  meadows. 

Food:  Of  fourteen  specimens  examined  one  ate  one  ant;  one^  a  caterpillar; 
one,  three  beetles;  three,  three  moths;  one,  a  small  grasshopper;  one,  five  grass- 
hopper eggs;  one,  one  dragon-fly;  and  one  a  small  snalL 

According  to  others,  flying  insects  and  their  larvae,  and  a  small  green  grass- 
hopper which  inhabits  the  reeds  (Wilson).  Aquatic  insects  and  dimunitive 
moUusks  (Audubon).    Entirely  Insects  captured  at  rest  (Cooper). 

23.  CiSTOTHOBUS  STELLABis  (LiOHT.),  Cab.    SHORT-BILLED  MARSH  WREN. 

Gboup  I.    Class  b. 

This  Wren  is  a  common  summer  resident  with  us,  but  far  less  abundant  than 
its  long-billed  cousin.  Although  it  affects  situations  similar  to  those  of  the  last 
species,  It  is,  on  the  whole,  a  more  upland  bird.  I  have  never  found  its  nest  in 
wet  sloughs,  but  always  in  low  damp  meadows,  where  no  water  stands  during 
the  summer.  It  rears  two  broods  each  season.  The  second,  which  appears  late 
in  July,  or  early  in  August,  is  often  imavoldably  destroyed  when  the  grass  is  cut, 
and  this  fact  doubtless  accounts,  in  part,  for  its  less  abundance  with  us  than  the 
last  species. 

The  Short-billed  Wren  is  smaller  than  the  last  species,  but  its  place  of  nesting 
lends  to  its  services  a  greater  comparative  value.  It  is  almost  wholly  insect- 
ivorous, and  the  smallest  bird  which  frequents  meadows.  For  this  reason  it  is 
especially  to  be  encouraged.    Late  haying  in  their  breeding  haunts  would  prob- 


493  EOOHOHIC  BELATIONS  OF  OUR  BIRDS. 

ably  tend  to  make  them  more  abimdaat,  bnt  it  is  doubtfnl  whether  their  services 
will  compensate  (or  the  injury  that  wonld  result  to  the  hay  crop  by  allowing  it 
to  stand  eo  long. 

Food:  Of  four  specimens  examined,  two  had  eaten  four  moths;  two,  torn 
dlptera,  among  which  was  one  tipulid. 

Insects  and  spiders  (Samuels). 


Familt  HAVDIDJ;:  Laskb. 
Fia.  118. 


ZL  Ereuophela  alpcsthis  (Linn.),  Boie.    HORNED  LAJIK;  SHORE  LABE. 
Group  I.    Ci-isa  b. 

Without  reference,  in  the  present  connection,  to  the  varieties  of  this  species 
which  have  beea  designated,  except  to  state  that  leuooltBma  is  probably  the  only 
form  that  breeds  in  the  state,  it  may  be  said  that  this  highly  terrestrial  and 
graminivorous  bird  is  rather  comtaon  in  suitable  places  during  most  of  the  year, 
but  that  it  is  only  abundant  late  in  the  fall  and  early  in  the  spring.  Except 
during  the  breeding  season,  it  is  gregarious  in  its  habits,  and  its  ujiual  haunts 
are  dry,  open  fields.  Fields  of  newly  sowed  grain  are  somctimea  visited  by 
these  birds  both  in  the  spring  and  fall,  but  the  little  injury  ttiat  they  do  in 
picking  up  grain  at  present  is  slight  when  compared  with  the  immense  amount 
of  seeds  of  various  weeds  which  they  consume  during  the  year.  Although  it 
rears  two  broods  each  year,  the  exposed  situations  in  which  its  nest  is  located 
appears  to  preclude  any  very  conuderable  abundance. 

Food:  Five  out  of  six  specimens  examined  had  eaten  only  the  seeds  of  weeds, 
among  which  were  those  of  the  blaclc  bind-weed,  the  pigeon-grass  and  pig- 
weed; the  remaining  specimen  had  in  its  stomach  winter  wheat. 

Small  black  seeds,  buckwheat,  oata,  buds  of  sprig  birch  and  larvse  of  certain 
insects  (Wilson).  Seeds  and  insects  which  it  finds  among  tlie  grass  (Cooper). 
Seeds  of  grasses,  insects  and  mollusks  (Samuels).  Of  seven  specimens  exam- 
ined by  Prof.  Forbes,  one  had  eaten  ground-beetles;  one,  a  fungus-beetle  (Oryp- 
tophagidee);  one,  a  rove-beetle;  two,  leaf-chafers;  one,  a  predaceous  hemiptera 
(BedaviidEe);  and  six,  seeds  of  weedo. 
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Family  XONT ACILLID^  :  Waqtails. 

as,  AuTHca  LDDOVioiAsnja  (Git),  Licht.  TITLABK;  PIPIT;  WAGTAIL. 
Gbocp  L    Class  a. 

This  gregarious  and  highly  terrefltrial  species  is  oaly  a  migraut  in  Wiscontdn. 
It  posses  us  southward  in  October  and  returns  again  in  April  and  Hay,  and  dur- 
ing these  times  it  is  probably  common,  although  I  have  met  with  but  s  single 
flock.  Its  haunts  are  plowed  fields,  pastures,  meadows,  the  banks  of  streams 
and  the  shores  of  lakee. 

Food:  The  two  specimens  which  were  examined  had  in  their  stomachs  several 
amall  beetles  ond  heteropterous  insects. 

Various  small  seeds  (Wilson).  When  along  shores,  minute  shells,  small 
shrimps,  and  insects  found  among  drift-weeds;  when  in  meadows  and  plowed 
fields,  insects  and  seeds  (Audubon).  Seeds  and  insects  (Cooper).  On  the  beach, 
small  mollnsks  and  gnimalculse;  in  pastures  and  fields,  insects,  spiders,  and 
seeds  of  grasBes  and  weeds  (Samuels;. 


Family  SYLTICOLIDf:  Amsbioas  Wasblehs. 


trichat).   After  B.,BuidR. 
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S6.   UiNiOTiLTA  TABiA  (LiNN.),  ViEiLL.     BLACK-AND-WHITE  CREEPING 
WARBLER.    Group  I.    Class  a. 

If  this  active  little  species  was  ever  mora  closely  united,  in  habits  and  struct- 
ure, to  the  "  mood  v>aTblert  par  eaeelleaee,"  it  has,  probably,  fn  some  distant 
time,  found  with  them  so  vifi^Tons  a  competition  as  to  oblige  it  to  seek  a  living 
with  a  much  Bmaller  class  of  birds.  Whatever  may  have  been  its  habits  in  pre- 
vious ages,  it  is  to  our  advantage  Chat  it  has  assumed  the  creeper-like  life  it  leads. 
It  is  another  of  those  birds  which  has  learned  that  a  large  number  of  nocturnal 
iusects  court  security  by  day  in  the  crannied  tiarlz  of  trees,  or  resort  thera  to 
uodergo  their  transformations,  and,  like  the  Nuthatcheo  and  true  Creepers,  upon 
such  forms  it  feeds.  Sometimes  it  pursues  upon  the  wing  moths  which  it  has 
startled  from  their  hiding  places,  and  occasionally  it  searchee  for  insects  among 
the  foliage  of  trees. 

The  Black-and-white  Craeper  is  a  rather  common  summer  resident,  and  it 
usually  affects,  during  the  breeding  season,  unpastured  groves  and  woods,  where 
it  builds  its  nest  upon  the  ground,  depositing  therein  from  three  to  seven  eggs: 
from  these  places,  aft«r  the  middle  of  July,  it  disperses  over  other  woods  and 
groves  and  often  appears  in  orchards  and  about  dwellings.  It  has  been  known 
to  build  its  nest  in  the  immediate  vicinity  of  houses,  and  the  fact  bespeaks  for 
it  a  growing  familiarity  and  a  greater  usefulness.  It  is  doubtful,  however,  ow- 
ing to  its  breeding  habits,  whether  it  can  ever  become  abundant  about  dwellings 
during  the  breeding  season,  at  least  where  dogs  and  cats  are  ollowed  to  live. 
These  birds  are  often  doomed  to  become  the  foster  parents  of  the  Cowbird,  and 
no  doubt  their  general  abundance  is  greatly  reduced  on  this  accounL  Owing  to 
the  small  size  of  these  birds,  they  find  it  profitable  to  teed  extensively  upon  very 
small  insects.  For  this  reason  they  are  able  to  do  a  work  for  which  the  Nut- 
hatches and  Woodpeckers  are  not  so  well  fitted.  It  is.  tiiereforo,  especially  de- 
sirable that  they  should  attain  a  greater  abundance  with  us. 

Food:  Of  seventeen  specimens  examined,  three  had  eaten  five  ants;  two, 
twenty-one  caterpillars,  twenty  of  which  wera  small  measuring-worms;  three. 


600  ECONOMIC  RELATIONS  OF  OUR  BIRDa 

four  moths;  three,  five  diptera;  six,  sixteen  beetles,  one  of  which  was  a  cnr- 
culio;  two,  seven  heteroptera;  one,  a  caddis  fly;  and  one,  a  small  snail  (PhyaaJ, 
Two  had  eaten  one  lumdred  and  one  insect  eggs,  but  these,  I  believe,  were  con- 
tained in  insects  which  the  birds  had  eaten. 

Ants  and  other  insects  (Wilson).  Insects  and  their  larvao  (Brewer).  Insects 
which  hide  under  the  bark  of  trees  and  in  its  crevices  (De  Kay).  Beetles  and 
moths  (Forbes). 

27.  Pakula  Americana  (Linn.),  Bp.    BLUE  YELLOW-BACKED  WARBLER. 

Grodp  I,     C^ASS  b. 

This  elegant  little  Warbler  appears  to  be  nowhere  abundant,  and,  throughout 
its  range,  seems  to  be  largely  confined. to  particular  localities.  Mr.  Nelson,  how- 
cvpr,  speaks  of  it  as  an  abundant  migrant,  atid  as  breeding  rarely  in  North- 
eastern Illinois.  I  obtained  a  single  specimen  September  15,  1876.  It  was  flit- 
ting among  the  outermost  branches  of  the  trees,  in  a  piece  of  high,  open  woods, 
when  taken.  It  is  said  to  frequent  the  tops  of  the  tallest  trees,  and  to  move 
with  great  agility  among  the  terminal  foliage  in  quest  of  winged  insects  and 
caterpillars.    Orchards  and  all  sorts  of  woodlands  are  said  to  be  visited  by  it. 

Food:  Six  small  insects  were  taken  from  one  stomach. 

Small  winged  insects  and  caterpillars  (Wilson).  Winged  insects  and  cater- 
pillars (Brewer).  Small  caterpillars  (OeometridcEj,  small  lace-winged  flies  and 
small  spiders  (Samuels). 

28.  Helminthkbus  vermivorus  (Gbl),  Bp.     W0R\I-EATING   WARBLER. 

Group  IL    Class  a. 

This  southern  species  appears  to  be  a  very  rare  visitant.  Dr.  Hoy  has  said 
that  a  few  nest  near  Racine,  and  Mr.  Nelson  states  that  a  single  specimen  was 
observed  at  Waukegan,  May  21,  1876. 

29.  Helminthophaga  chrysoptera  (Linn.),  Bd.    BLUE  GOLDEN- WING  ED 

WARBLER.    Group  II.    Class  a. 

This  species  appears  to  be  nowhere  abundant.    Mr.  Nelson  speaks  of  it  as 
••comparatively  rare"  in  Northeastern  Illinois,  and  two  nests  are  reported  to 
have  been  taken  near  Racine  by  Dr.  Hoy.    Its  nest  is  placed  upon  the  ground, 
and,  at  times,  becomes  the  receptacle  for  the  eggs  of  the  Cowbird. 

30.  HEunxTHOPHAOA  RUFICAPILLA  (WiLS.),  Bd.     NASHVILLE  WARBLER 

Group  L    Class  a. 

Both  Dr.  Hoy  and  Mr.  Nelson  speak  of  this  Warbler  as  common  during  the 
migrations,  along  the  lake  shore,  in  the  spring  and  fall.  This  has  not  been  my 
experience  for  CJentral  Wisconsin.  Tlie  only  specimens  which  I  have  seen  were 
taken  near  Waupaca.  They  represented  both  sexes  and  were  taken  in  difterent 
localities.  The  first,  a  male,  was  taken  July  2l8t,  while  perched  upon  the  limb  ot 
a  dead  poplar  which  was  standing  in  an  old  **  clearing  "  overgrown  with  small 
l>oplars,  between  large  piles  of  brush.  The  second  was  obtained  in  a  grove  of 
small  tamaracks,  while  it  was  nimbly  searching  for  food  among  the  delicate 
sprays.  Mr.  Allen  states  fhat  at  Springfield,  Mass.,  during  two  or  three  weeks 
of  the  spring  migration,  these  birds  are  common  in  the  orchards  and  gardens, 
actively  gleaning  insects  among  the  unfolding  leaves  and  blossoms  of  fruit 
tiees.     It  nests  upon  the  ground. 

Food:  The  two  specimens  examined  had  in  their  stomachs  four  small  green 
caterpillan3,  and  a  few  very  fine  fragments  of  insecta. 
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31.  Helminthophaga  celata  (Say),  Bd.    ORANGE-CROWNED  WARBLER. 

Qboup  II.    Class  a. 

This  species,  like  the  last,  I  believe  to  be  of  rare  occurrence  in  Central  Wiscon- 
sin. Mr.  Nelson,  however,  says  that  it  is  common,  during  its  migrations,  along 
the  lake  shore.  Possibly  this  species,  in  its  autumnal  dress,  which  so  closely 
imitates  that  of  the  next,  has  been  mistaken  for  that  species. 

Food:  Insects  (Cooper).  Insects  taken  chiefly  among  the  branches  of  trees, 
and  shrubbery,  but  also  upon  the  wing  (Audubon). 

32.  Helminthophaga  pebegrina  (Wils.),  Cab.    TENNESSEE  WARBLER. 

Group  I.    Class  b. 

This  Warbler  is  extremely  abundant  during  some  of  its  fall  migrations.  Dur- 
ing September  of  1876  the  borders  of  groves  literally  thronged  with  these  little 
nymphs  of  the  woodland,  and  hundreds  of  them  might  have  been  easily  obtained. 
During  September  of  1877  they  were  much  less  numerous,  but  common.  The 
first  arrivals  were  noted  August  15,  but  the  body  of  them  came  along  after  the 
first  of  September.  Its  favorite  haunts,  in  the  fall,  are  the  borders  of  groves, 
but  it  is  a  frequent  visitor  to  orchards  and  vineyards.  It  is  also  to  be  found  in 
willow  thickets  along  the  margins  of  streams,  among  the  foliage  of  high  open 
woods,  and  in  tamarack  swamps.  I  have  twice  taken  it  in  cornfields  bordered 
by  groves,  and  in  the  stomach  of  each  of  these  was  found  a  greenish  plant  louse, 
probably  Aphis  maidis,  Fitch. 

It  is  very  dexterous  in  its  movements,  and  obtains  the  greater  part  of  its  food 
upon  and  among  the  terminal  foliage  of  trees.  Titmouse-like,  it  often  swings 
pendant  from  a  leaf  while  it  secures  an  insect  which  it  has  discovered.  Small 
insects  of  various  kinds,  not  especially  attractive  to  larger  birds,  are  destroyed 
by  this  species  in  large  numbers;  and  its  slender,  acute  bill  serves  it  much  better 
in  picking  up  these  forms  than  a  heavier,  more  clumsy  one  could.  There  i» 
another  use,  however,  to  which  this  Warbler  puts  its  slender,  acute  bill,  and  for 
which  it  is  well  adapted.  It  is  that  of  probing  ripe  grapes,  apparently  for  the 
purpose  of  obtaining  the  sweet  juice.  September  8,  1876,  I  observed  one  of 
these  birds  picking  at  a  cluster  of  ripe  Delaware  grapes,  and  upon  examination 
it  was  found  that  two  of  the  berries  had  been  recently  pierced  with  some  sharp 
instrument,  and  that  the  juice  was  oozing  from  the  wounds.  On  inquiring  of 
Mr.  Bates,  a  grape-grower  at  Whitewater,  whether  there  were  any  birds  which 
troubled  seriously  his  grapes,  he  informed  me  that  there  was  a  little  green 
**  Grape -sucker"  which  troubled  him  very  much  some  seasons,  and  that  it  was 
now  at  work  upon  his  Delaware  and  Catawba  grapes.  I  examined  his  vineyard 
and  found  that  many  of  his  grapes  were  probed  in  the  manner  described  above, 
as  high  as  eight  berries  on  some  bunches  being  thus  injured.  Only  the  ripe 
grapes  appeared  to  be  molested,  and  the  sweet  varieties,  he  says,  are  preferred 
to  the  sour. 

As  soon  as  the  berries  are  wounded  they  are  attacked  by  ants,  bees  and  flies, 
and  soon  destroyed.  I  requested  Mr.  Bates  to  secure  one  of  the  **  Grape-suckers  *' 
for  me,  and  the  next  morning  he  kindly  presented  me  with  a  bird  of  this  spe- 
cies. Mr.  Floyd,  of  Berlin,  informed  me  in  September,  1873,  that  there  was  a 
little  green  bird  with  a  very  sharp  bill  sucking  his  grapes,  but  he  was  unable  to 
obtain  a  specimen.  Mr.  Lowe,  of  Palmyra,  enters  the  same  complaint  against  a 
similar  bird.  From  this  evidence  I  think  that  there  can  be  no  doubt  that  this 
species  is  injurious  to  grapes  in  the  manner  described.    It  does  by  no  means 
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follow,  howoYor,  that  the  bird  shotild  be  eactenninated.  I  am  confident  that  the 
service  which  this  species  rendeiB  in  Wisconsin  alone,  during  its  hurried  transits 
in  the  fall  and  spring,  more  than  compensates  for  what  injury  it  maj  do  to 
grapes.  It  is  unfortunate  that  the  grape-grower  should  be  obliged  to  sustain 
the  whole  injury  of  this  species  while  the  state  at  large  shares  its  benefits,  but 
such  conditions  are  common,  and,  so  far  as  I  can  see,  to  be  endured.  Should  it 
be  proved  that  the  injury  which  the  state  sustains  from  this  Warbler  is  greater 
than  the  service  it  receives,  it  would  not  then  follow,  as  was  stated  in  the  '*  In- 
troduction," that  it  should  be  exterminated.  We  are  not  the  only  people  whose 
interests  are  affected  by  this  bird.  Whjat  the  extent  of  its  services  during  its 
five  months'  stay  in  the  south  is,  we  do  not  know.  Until  we  do,  we  should  be 
cautious  how  we  destroy  it  for  any  trivial  injury  which  it  may  do. 

Food :  Of  thirty-three  specimens  examined,  two  had  eaten  two  very  small 
hymenoptera  (probably  parasitic);  seven,  thirteen  caterpillars;  three,  fifteen  dip- 
tera;  six,  thirteen  beetles;  three,  forty-two  plant-lice,  among  which  were  two 
specimens  of  the  com  plant-louse  Aphis  maidU  ffj;  three,  thirty-five  small 
heteroptera,  .09  of  an  inch  long;  and  one,  eleven  insect  eggs. 

83.  Dendrgbca  .fisnvA  (Gm.),   Bd.     BLUE-EYED  YELLOW  WABBLER; 
GOLDEN  WARBLER;  SUMMER  YELLOWBIRD.    Gboup  L    Class  b. 

This  elegant  little  species  and  common  summer  resident  frequents  most  com- 
monly the  willow  clumps  of  alluvial  meadows,  but  is  also  to  be  seen  in  groyes, 
along  wooded  water-courses,  and  in  villages,  orchards  and  gardens.  In  the 
Eastern  and  Middle  States  it  is  much  more  familiar  and  abundant  than  with  us. 
At  Ithaca,  N.  Y.,  it  nests  very  commonly  in  the  city,  building  in  the  shade  and 
fruit  trees,  sometimes  so  close  to  the  windows  of  the  dwellings  that  its  nest  can 
almost  be  reached  from  them.  It  only  requires  suitable  breeding  places  to  be- 
come, in  time,  extremely  serviceable  as  a  destroyer  of  garden  and  orchard  in- 
sects.    It  loves  to  search  for  insects  in  rosaries  and  among  berry  bushes. 

Food:  Of  five  spocimens  examined,  two  had  eaten  four  small  larvj©;  two,  two 
beetles. 

Small  green  caterpillars  (Wils.).  Said  to  feed  on  juicy  fruits  in  autumn 
(Cooper).  Canker-worm  (Maynard).  Hymenoptera,  moths  and  caterpillars,  among 
them  canker-worms,  beetles,  diptera,  hemiptera,  spiders  and  myriapods  (Forbes). 

34.  Dendrceca  virens  (Gm.),  Bd.    BLACK-THROATED  GREEN  WARBLER. 

Group  L    Class  a. 

Migrant.  Common  during  the  middle  of  May,  and  again  during  nearly  the 
whole  of  September;  a  few  are  said  to  breed  in  the  state.  Much  of  its  food  is 
taken  upon  the  wing  amoug  the  branches  of  trees.  During  its  migrations  it 
may  usually  be  seen  darting  among  the  uppermost  branches  of  high  open 
woods,  but  tamarack  swamps,  groves,  and  orchards  are  also  visited  by  it. 

Food:  Of  twelve  specimens  examined,  one  had  eaten  a  moth;  three,  seven 
caterpillars;  one,  two  diptera;  one,  six  larvas  —  probably  caterpillars;  three, 
eleven  beetles;  aud  one,  a  heteroptera. 

The  smaller  winged  insects,  caterpillars  and  other  larvae  (Brewer).  Larvaj  of 
insects  that  prey  upon  opening  buds  (Wilson).  Hymenoptera,  caterpillars  and 
curculios  (Forbes). 
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85.  Dendrcexia  cxebulbsceics  (Linn.),  Bd.    BLACK-THROATED  BLUE 

WARBLER.    Group  I.    Class  a. 

Migrant  I  haTe  not  found  it  common.  Its  favorite  haunts  are  among  the 
heavy  timber,  but  it  also  visits  groves,  low,  damp  thickets,  and  village  shade- 
trees.  A  considerable  portion  of  its  food  is  gleaned  from  the  bark  of  the 
.  larger  branches  of  trees.  It  poises  itself,  upon  the  wing,  humming-bird-like,  to 
remove  insects  from  the  under  sides  of  large  limbs,  and  I  have  seen  it  light 
upon  the  trunks  of  trees  for  the  same  purpose.  Dr.  Brewer  states  that  it  is  an 
expert  catcher  of  small- winged  insects.  One  of  these  birds  came  into  the 
school-room  at  Berlin  in  May,  1875. 

Food:  Of  six  specimens  examined,  all  had  eaten  insects;  one,  two  ants;  five, 
beetles;  and  one,  two  caterpillars. 

Larv89,  the  eggs  of  insects  and  spiders  (Brewer). 

36.  Dbndececa  ccerulea  (Wils.),  Bd.    CCERULEAN  WARBLER.    Group  1L 

Class  a. 

Mr.  Nelson,  in  his  ''Birds  of  Northeastern  Illinois,"  says  of  this  species:  ''A 
regular  but  rare  migrant.  May  12th  to  20th,  and  the  first  of  September.  Prefers 
high  woods.  Rare  summer  resident  here,  but  near  Detroit,  Michigan,  I  am  in- 
formed it  is  one  of  the  common  species  at  this  season.'*  Of  its  occurrence  in 
Wisconsin,  Dr.  Hoy  says:  **  Not  common.    A  few  breed." 

87.  Dendrceca  coronata  (Linn.),  Gray.    YELLOW-RUMP^D  WARBLER. 

Group  L    Class  b. 

This  Warbler,  like  most  of  its  genus,  is  only  a  migrant.  A  few  may  breed  in 
Northern  Wisconsin,  for  I  obtained  a  male  at  Elk  Lake  in  Chippewa  county, 
July  26,  1876. 

During  the  fall,  from  the  middle  of  September  until  well  along  toward  No- 
vember, it  is  extremely  abundant,  when  it  may  always  be  seen  in  dry  open  fields, 
along  fences  and  roadsides,  and  often  in  orchards  and  gardens  about  dwellings. 
On  cold,  windy  days  it  often  hops  and  flits  about  porches  and  windows  in  quest 
of  fiies.  It  also  occurs  in  groves,  woods,  and  tamarack  swamps.  It  is  an  adept 
at  catching  insects  on  the  wing,  but  it  secures  more  of  the  steady  flying  coleop- 
terous forms  than  those  which  have  a  jerky,  zigzag  flight. 

Food:  Of  twenty-one  Yellow-rumped  Warblers  examined,  one  had  eaten  a 
moth;  two,  twenty-one  caterpillars  —  mostly  measuring-worms;  five,  fourteen 
diptera,  among  which  were  three  tipulids;  fifteen,  forty-eight  beetles;  one,  four 
of  the  Ichneumonidae;  one,  a  caddis-fiy;  one,  a  spider;  and  one,  fifteen  tipulid 
eggs.  As  these  eggs  were  found  in  the  stomach  with  the  tipulids,  they,  beyond 
question,  were  not  eaten  separately.  From  the  stomach  of  one  bird  was  tak  n 
a  single  tamarack  seed. 

Five  specimens  examined  by  Prof.  Forbes  gave  evidence  of  having  eaten 
hymenoptera,  among  them  ichneumons;  caterpillars;  beetles,  among  which  were 
leaf -chafers  and  long-horns;  diptera,  hemiptera,  spiders  and  seeds. 

LarvaB,  and  berries  of  wax  myrtle  (Wilson).  Caterpillars  and  berries  of  wax 
myrtle  (De  Kay).    Spiders,  insects  and  their  larvas  (Audubon). 

38.  Dendrceca  Blackburnlb  (Gm.),  Bd.    BLACKBURNIAN   WARBLER; 

HEMLOCK  WARBLER.    Group  L    Class  a. 

This  beautiful  species,  while  among  the  uppermost  branches  of  high  open 
woods,  reminds  one  both  of  the  Redstart  and  the  Black-and-white  Creeper,  whose 
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methods  of  obtaining  food  it  copies  to  some  extent.  It  even  drops  onto  the 
underside  of  horizontal  limbs  to  secure  some  insect  which  may  have  retreated 
thither  for  safety.    Besides  high  open  woods,  it  affects  groves  and  tamarack 

> 

swamps.    In  May,  1874,  one  of  these  birds  came  into  the  school-room  at  Berlin. 

They  pass  us  northward  about  the  middle  of  May,  and  return  between  the  Ist 
and  20th  of  September.  I  have  taken  the  males  in  tamarack  swampe  as  early 
as  August  7th. 

Food:  Of  nine  specimens  examined,  four  had  eaten  nine  small  beetles;  five, 
nineteen  caterpillars;  one,  ants;  and  one,  small  winged  insect.  In  the  stomachs 
of  three  examined  collectively,  were  found  four  caterpillars,  four  ants,  one  dip- 
terous insect  .09  of  an  inch  long,  one  medium  sized  heteropterous  insect,  four 
large  crane-flies,  and  one  ichneumon-fly  (?)  Another  bird  had  in  its  stomach 
one  heteropterous  insect  ("TingisJ,  nine  small  caterpillars,  two  leaf -beetles,  and 
two  large  crane-flies.  One  specimen  had  eaten  beetles  and  small  diptera  (Forbes). 
Small  insects  and  berries  .(De  Kay). 

89.  Dendbceca  striata  (Fobst.),  Bd.    BLACK-POLL  WARBLER    Qboup  I. 

Class  a. 

The  extremely  close  resemblance  between  this  species  and  the  next  in  their 
autumnal  attires,  renders  it  very  difficult  to  state,  with  certainty,  which  is  the 
more  abundant  during  the  fall  migration.  It  is  my  opinion  that  the  Bay-breasted 
Warbler  far  outnumbers  this  one.  It  is  a  migrant,  and  most  of  them  pass  south 
during  the  latter  half  of  September.  Woods,  swampy  groves  and  orcbards  are 
its  usual  haunts  in  the  f  aU. 

Food:  Of  four  specimens  examined  one  had  eaten  a  caterpillar,  and  one  three 
beetles.    Other  insects,  estimated  at  thirteen,  were  observed. 

Canker-worm  (Brewer).  Insects  caught  upon  the  wing  (Coues).  Winged 
insects  (Wilson).    Canker-worm  (Maynard). 

40.  Dkndecbca  castanea  (Wnjs.),  Bd.    BAY-BREASTED  WARBLER; 
AUTUMNAL  WARBLER.    Gboup  I.    Class  b. 

This  abundant  migrant  passes  north  between  the  10th  and  25th  of  May,  and 
returns  again,  greatly  reinforced,  between  the  1st  and  20th  of  September.  At 
these  times  it  is  most  abundant  in  groves  of  small  oaks  and  in  high,  open  woods 
adjacent  to  fields,  but  orchards,  the  borders  of  damp  thickets,  and  clumps  of 
willows  in  low  meadows  are  also  visited  by  it.  It  is  an  active  and  skillful  insect- 
hiuiter,  and  obtains  its  food  along  the  branches  of  trees,  among  the  foliage  and 
upon  the  wing.  It  is  not,  however,  as  habitually  a  fly-catcher  as  many  others 
of  its  genus. 

Food:  Of  nineteen  specimens  examined,  three  had  eaten  seven  ants;  five,  six 
caterpillars — one  of  them  hairy  and  1.5  inches  long;  one,  a  moth;  three,  six 
diptera;  seven,  fifteen  beetles,  among  which  were  two  lady-birds  fChUocona 
bivtUneruluaJy  and  two  squash  beetles  ^ZHo&rofioa  vUtataJ;  one,  six  leaf-hoppers 
fCicadeUinaJ;  and  one,  a  small  dragon-fly.  The  whole  number  of  insects  con- 
tained in  the  nineteen  stomachs  was  eighty-seven,  of  which  eighty  were  adult 
forms. 

In  the  stomachs  of  two  birds  were  found  one  caterpillar  (geometer),  five  flies, 
one  ichneumon-fly,  one  winged  ant,  one  small  beetle  and  one  small  chrysalid. 

LarvsB  of  insects  (Wilson).  Canker-worm  and  other  insects  (De  Kay).  Small 
insects,  many  of  which  are  taken  upon  the  wing.  It  also  searches  for  insects 
among  the  blossoms  of  the  cotton  plant  (Audubon). 
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41.  Dbndbceoa  Pbnnsylvanica  (Linn.),  Bd.    CBUISTNUT-SIDED  WARBLER. 

Group  I.    Class  a. 

It  has  been  my  ezx>erience  to  find  this  Warbler  barely  common.  It  is  a  sum- 
mer resident  from  Berlin  northward  in  Central  Wisconsin.  Dr.  Hoy  speaks  of 
it  as  breeding  in  abundance  at  Racine,  but  during  three  summers'  collecting  in 
Jefferson  county  it  was  not  my  fortune  to  meet  with  it  except  during  the  migra- 
tions, and  even  then,  it  has  been  among  the  rarest  of  this  genus  with  which  I 
have  met.  During  the  breeding  season,  it  has  been  Mr.  Allen's  experience  to 
find  this  bird  usually  in  low  woods  and  swampy  thickets,  nesting  in  bushes.  Mr. 
Ridgway  found  it  breeding  in  oak  openings  and  among  the  prairie  thickets  of 
Southern  lUinois.  Dr.  Hoy  states  that  it  prefers  localities  with  a  dense  under- 
brush, especially  hazel,  thinly  covered  with  trees.  While  at  Waupaca,  between 
July  20th  and  34th,  I  met  two  pairs  of  these  birds  busily  feeding  their  broods 
high  among  the  tops  of  deep,  heavy  maple  woods,  and  another  similarly  engaged 
on  the  borders  of  a  tamarack  swamp.  At  Berlin  during  the  month  of  June  I 
observed  it  in  similar  situations.  It  usually  lays  four  eggs  in  a  nest  placed  in 
the  upright  forks  of  a  low  bush.  The  Cowbird  sometimes  deposits  its  eggs  in 
the  nests  of  this  species. 

Food:  Of  eleven  specimens  examined,  one  had  eaten  three  ants;  two,  four 
caterpillars;  one,  a  tipulid;  five,  twelve  beetles;  one,  fifteen  plant-lice;  and  one, 
a  small  grasshopper. 

Among  the  caterpillars  were  two  geometers,  marked  above,  on  a  yellow  ground, 
with  numerous  fine  wavy  black  lines.  These  were  very  abundant  at  Berlin  in 
June  of  1874,  feeding  upon  the  red,  white  and  burr  oaks,  the  haasel,  hickory,  plum, 
cherry,  apple,  pear  and  currant. 

Insects  (Wils.).    Flies  and  other  insects  (De  Kay).    Canker-worms  (Maynard). 

42.  Dendrceca  maculosa  (Om.),  Bd.    BLACK-AKD-TELLOW  WARBLER, 

QboupL    Class  a. 

This  elegant  little  Warbler  is  nearly  as  abundant  as  the  Yellow-rump,  and,  like 
it,  a  migrant.  Its  spring  migration  occurs  between  the  5th  and  28th  of  May. 
Between  the  2d  and  27th  of  September  it  returns  again  to  the  south.  During 
these  movements  it  frequents  groves  and  the  borders  of  woodlands,  where  it 
gleans  among  the  branches  and  foliage  after  the  manner  of  the  Creepers  and 
Flycatchers.  It  is  also  to  be  seen  in  osier  and  alder  thickets,  in  tamarack 
swamps  and  in  the  clumps  of  willows  that  grow  on  wet  marshes. 

Food:  Of  seventeen  specimens  examined,  three  had  eaten  four  hymenoptera, 
among  which  were  two  ants;  one,  one  moth;  six,  seventeen  caterpillars;  six, 
fifteen  diptera;  six,  twelve  beetles;  and  one,  two  larvaa.  Two  tipulids  were  rep- 
resented among  the  diptera. 

43.  Dendbcbca  tiqbina  (Gm.),  Bd.     GAPE   MAT   WARBLER.     Gboup  I. 

Class  a. 

This  Warbler,  once  so  rare  as  to  have  escaped  entirely  the  notice  of  both  Audu- 
bon and  Nuttall,  is  apparently  becoming  not  uncommon.  Mr.  Nelson  says  of  it: 
*  *  Very  common  migrant.  May  7th  to  25th,  and  September  5th  to  20th.  In  spring, 
found  almost  exclusively  in  the  tops  of  trees;  in  autumn,  found  in  large  numbers 
along  roadsides,  borders  of  woods  and  fields  in  company  with  D.  pcUmarum,  from 
which  it  is  with  difficulty  distinguished  at  gun-shot,  so  closely  alike  are  their 
habits  and  movements  at  this  season." 
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Tlie  four  speciinens  which  I  have  obtained  were  taken  between  September  8th 
and  September  22d.  Of  these,  two  were  obtained  in  high  open  wooda,  one  in  a 
tamarack  swamp,  and  one  in  a  front  yard. 

Food:  Only  beetles  were  identified  among  the  contents  of  the  four  stomachs 
examined,  except  a  single  ant.  Ten  beefles  were  taken  from  the  stomach  of 
one  bird* 

44.  Dendbceca  discolor  (Vieill.),  Bd.    PRAIRIE  WARBLER.    Group  IL 

Class  a. 

This  Warbler  enjoys,  as  a  rule,  a  more  south«:ii  latitude  than  our  own,  and 
although  Mr.  Allen  finds  it  not  uncommon  in  Massachusetts,  Mr.  Ridgway  cites 
it  as  rare  in  Southern  Illinois.  Bat  one  instance  of  its  occurrence  in  Wisconsin 
is  recorded.  As  a  fly-catcher.  Dr.  Coues  r^ards  it  the  equal  of  most  of  its 
tribe. 

Food:  Flies  and  larvsB  (Nuttall).  Small  caterpillars  and  winged  insects  (Wil- 
son). Small  insects  and  flies  often  seen  in  cotton  flelds  (Audubon).  Inseots 
caught  in  the  air  (Coues). 

45.  DeNDRCECA  DOMINICA  ALBILORA,  Bd.     TELLOW-THROATED  6RBT 

WARBLER.    Group  IL    Class  a. 

This  is  another  of  those  southern  species  which  probably  occurs  rarely  in  the 
state.  As  with  the  last  species.  Dr.  Hoy  has  noted  one  instance  of  its  occur- 
rence near  Racine.  Of  its  manners.  Dr.  Brewer  says:  '*  It  is  almost  as  much  of 
a  creeper  as  MiniotUta  varia,  being  frequently  seen  creeping  not  only  along  the 
branches  of  trees,  but  out  over  the  eaves  and  cornices  of  buildings,  with  all  the 
ease  and  facility  of  a  Nuthatch." 

46.  Dent)rceca  palmarum  (Gm.),  Bd.  PALM  WARBLER.  Group  I.  Class  a. 

The  Palm  Warbler  reaches  us,  from  the  British  Possessions,  early  in  Septem- 
ber, and  not  until  after  October  has  nearly  gone  have  tlie  last  of  tlie  train  passed 
us  for  Southern  homes.  It  associates  on  friendly  terms  with  the  Yellow-rumps, 
whose  autumnal  dress  its  own  so  closely  resembles,  and  with  them  it  drives  a 
vigorous  competition  along  roadsides  and  fence-rows,  and  among  the  rank  weeds 
and  low  bushes  of  neglected  fields.  While  it  is  peculiarly  terrestrial  in  its  hab- 
its, it  is  quite  an  adept  at  catching  insects  on  the  wing.  It  pursues  them  from 
the  ground  or  among  the  weeds  into  the  air,  whither  they  have  taken  flight  for 
safety.  It  even  sits  upon  the  lower  limbs  of  trees  in  open  fields,  and  beats  out 
for  passing  insects,  returning  again  to  the  tree  with  its  victim;  or,  marking  from 
its  perch  a  small  moth  or  beetle  in  the  grass  below,  it  will  drop  quickly  upon  its 
prey,  as  the  Pewee  often  does.  **The  odd  sheep  of  the  flock,"  it  alone  of  all 
this  genus,  so  far  as  I  know,  builds  its  nest  upon  the  ground. 

Food:  Of  eight  specimens  examined,  one  had  eaten  a  small  hymenoptera;  one, 
five  small  moths;  one,  three  diptera;  two,  thirteen  beetles;  and  one,  five  plant- 
lice. 

47.  Denbrceca  pdojs  (Bartr.),  Bd.   PINE-CREEPING  WARBLER.  Group  IL 

Class  a. 

This  species  is  said  to  breed  among  the  pines  in  the  northern  portion  of  our 
state,  and  Mr.  Nelson  speaks  of  it  as  a  common  migrant,  passing  north  between 
April  27th  and  May  20th,  and  returning  again  between  September  15th  and  Oc- 
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tober  5th.  It  has  not  been  my  fortune  to  meet  with  the  species.  As  its  name 
implies,  its  favorite  haunts  are  ati^ong  the  coniferous  forests,  where  it  frequents 
the  tops  of  the  taller  trees.  During  the  spring  and  fall,  in  Massachusetts,  it  fre- 
quents situations  similar  to  those  chosen  by  the  Palm  Warbler,  the  two  species 
at  these  times  often  associating  together.  While  in  the  forests,  its  habits  are 
said  to  closely  resemble  those  of  the  Creepers,  but  it  is  also  said  to  capture  in- 
sects on  the  wing. 

Food:  Seeds  of  pitch  pine  and  various  bugs  (Wilson).  Insects  taken  princi- 
pally among  the  branches  of  trees,  but  occasionally  upon  the  ground;  young 
crickets,  and  a  small  red  beetle  found  enclosed  in  the  leaves  or  stipules  of  pines 
(Audubon). 

I  obtained  a  single  specimen  of  this  species  in  May  of  1880,  at  River  Falls, 
since  the  above  was  written. 

4a  SiURUS  AUKOCAPILLUS  (LiNN.),  Sw.    GOLDEN-CROWNED  THRUSH. 

Gboup  I.    Class  b. 

This  trim  bird-of -the- woodlands  breeds  with  us  commonly.  Dry  groves  and 
woods  are  its  usual  haunts,  but  it  also  frequents  osier  and  alder  thickets.  Most 
of  its  time  is  spent  upon  the  ground,  running  and  scratching  among  the  fallen 
leaves  for  food.  Here,  too,  its  quaint  nest  is  built,  and  diligently  sought  for  by 
the  Cowbird  as  a  receptacle  for  her  eggs.  Two  broods  are  said  to  be  reared  each 
season. 

Food:  A  considerable  portion  of  the  food  of  this  species  consists  of  seeds 
gathered  in  the  woods.  Eight  out  of  ten  specimens  examined  had  eaten  seeds; 
one,  three  caterpillars;  and  one,  three  beetles.  In  the  stomachs  of  five,  there 
were  fine  bits  of  insects,  none  of  which  were  identified. 

Ants,  small  beetles,  and  caterpillars  (De  Kay).  Small  insects,  smooth  cater- 
pillars, spiders,  and  berries  (Audubon).  Seeds,  mud-insects,  caterpillars,  and 
small  turbinated  snails  (Oosse). 

49.  SiURUS  NiEvius  (Bd.),  Coues.    WATER  THRUSH;  WATER  WAG- 
TAIL.   Group  I.    Class  b. 

This  is  not  an  abundant  bird  in  Wisconsin,  and  I  have  never  met  with  it  earlier 
than  August  10th,  although  a  few  are  said  to  breed  in  the  dark,  gloomy  swamps. 
It  is  terrestrial  in  its  habits,  but  more  timid  and  suspicious  than  its  cousin.  Un- 
frequented woodlands  where  pools  abound,  or  through  which  some  stream  runs, 
are  its  usual  resorts.  Sometimes  it  leaves  the  wood  a  mile  or  more  to  visit 
streams  winding  through  marshy  tracts.  In  these  places  it  often  wades  the 
shallows  to  obtain  aquatic  forms  of  life  which  may  be  within  its  reach. 

Food:  The  contents  of  four  stomachs,  examined  collectively,  included  three 
dipterous  larvae,  two  crickets,  one  grasshopper,  three  beetles  —  two  of  them  cur- 
culios, —  six  dipterous  insects,  one  dragon-fly,  one  hair-worm,  six  small  moUusks, 
four  orthopterous  eggs,  and  two  capsules  and  pedicels  of  some  moss. 

Aquatic  insects  and  moUusks  (Gosse).    Principally  aquatic  insects  (Wilson). 

50.  Opokornis  agilis  (WiLS.),  Bd.  CONNECTICUT  WARBLER.    Group  IIL 

Class  b. 

This  rare  Warbler  is  said  to  be  quite  abundant  in  Illinois  and  Wisconsin  in 
the  spring,  but  very  rare  in  the  fall.  Mr.  Nelson,  however,  speaks  of  it  as  being 
about  equally  abundant  at  both  seasons.     During  the  migrations  it  appears 
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to  prefer  swampy  places  in  the  vicinity  of  ponds.  Dr.  Coues  found  it  frequent- 
ing old  buckwheat  and  com  fields  searching  for  food  among  the  rank  weeds. 
Wilson  only  found  it  in  low  thickets.  Audubon  saw  it  chasing  spiders  that  run 
nimbly  over  the  water.  Mr.  Henshaw  found  it  almo&t  always  seeking  its  food 
upon  the  ground,  but  on  two  occasions  he  saw  it  feeding  in  the  tops  of  willows, 
among  the  fresh  pond  marshes  about  Cambridge,  Mass.  Mr.  Jencks  has  ob- 
tained specimens  in  May  which  were  singing  on  the  lower  branches  of  a  pine 
standing  close  by  a  house. 
Food:  Spiders  and  small  caterpillars  (Samuels).    Spiders  (Audubon). 

61.  Oporornis  FORMOSA  (WiLS.),  Bd.  KENTUCKY  WARBLER.   Group  IIL 

Class  b. 

A  single  specimen  of  this  species  is  reported  by  Dr.  Hoy  to  have  been  taken 
near  Racine;  and  Mr.  Nelson  speaks  of  it  as  a  very  rare  summer  visitant  from 
Southern  Illinois. 

Food :  Spiders,  insects  and  their  larvas  (De  Kay).  It  destroys  great  numbers 
of  spiders  (Audubon). 

52.  tJEOTHLYPis  TRICHAS  (LiNN.),  Cab.    MARYLAND  YELLOW-THROAT; 
BLACK-MASKED  GROIFND  WARBLER.    Group  II.    Class  a. 

This  is  a  common  summer  resident  in  its  favorite  resorts,  and  it  arrives  early 
in  May  and  has  departed  again  by  September  23d.  Hazel  patches,  willow  clumps, 
berry  brush  and  rank  weed  tangles,  and  the  borders  of  woods  heavily  fringed 
with  small  bushes,  are  the  surroundings  that  suit  it  best,  and  these  are  usually 
chosen  in  damp  situations.  During  the  migrations  it  also  visits  open  fields,  or- 
chards and  gardens.  It  is  a  diligent  insect-hunter,  but  we  must  know  more  of 
its  food,  and  of  the  habits  of  the  insects  upon  which  it  feeds,  before  wo  cr.n 
know  what  its  real  influence  is.  The  dragon-fiies,  spiders,  and  hymenopterous 
insects  included  in  the  list  below  suggest  that  its  injurious  effects  are  not  slight; 
but  we  know  far  too  little  in  regard  to  the  actual  service  which  these  insects 
render  to  enable  us  to  calculate,  even  approximately,  the  magnitude  of  the 
injury. 

Food:  Of  eight  specimens  examined,  four  had  eaten,  among  other  insects,  eight 
caterpillars;  and  three,  beetles.  Among  the  contents  of  the  stomachs  of  eleven 
birds,  examined  collectively,  were  found  twenty-two  case-bearing  caterpillars 
fColeophorafJ;  five  other  larvae  —  two  of  them  caterpillars;  six  small  dragon- 
flies;  three  moths;  three  dipterous  insects;  three  very  small  hymenopterous  in- 
sects; three  beetles  —  among  them  a  squash-beetle;  three  spiders;  two  small 
grasshoppers;  one  leaf -hopper;  two  hemipterous  insects;  and  two  insect  eggs. 

53.  Geothlypis  Philadelphia  (Wils.),  Bd.    MOURNING  WARBLER, 

Group  II.    Class  a. 

This  species  is  introduced  in  this  connection  on  the  evidence  of  its  general  dis- 
tribution, and  on  that  of  Dr.  Hoy's  Report.  It  appears  to  be  an  uncommon  bird 
everywhere  east  of  the  Mississippi  in  our  latitude.  Mr.  Trippe,  in  giving  his 
observations  in  Minnesota,  says  of  it:  "  The  Mourning  Warbler  haunts  the  edges 
of  tamarack  swamps  and  the  damp  thickets  that  adjoin  them.  They  are  simi- 
lar in  their  habits  to  the  Maryland  Yellow -throat,  but  are  not  so  exclusively  de- 
voted to  thickets  and  underbrush,  frequently  ascending  the  tops  of  tamaracks, 
for  which  they  show  a  great  predilection.''    It  obtains  the  greater  part  of  its 
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food  in  a  manner  similar  to  that  of  the  last  species,  but  is  perhaps  a  more  expert 
fly-catcher. 

64.  IcTERiA  viRENS  (LiNN.),  Bd.    YELLOW-BREASTED  CHAT.    Group  L 

Class  b. 

This  is  another  of  the  birds  which  is  seen  but  rarely  in  Wisconsin,  and  its  regu- 
lar occurrence  north  of  Pennsylvania  is  disputed.  It  is  described  as  somewhat 
terrestrial  in  its  life,  frequenting  tangled  thickets  of  vines,  briers  and  brambles, 
and  keeping  itself  very  carefully  concealed. 

Food:  Large  black  beetles  and  other  insects  (Wilson).  Beetles,  and  berries  of 
various  kinds  (De  Kay).  Spiders,  and  insects  found  among  the  thick  shrubbery 
of  brier  patches  and  on  the  ground  among  the  leaves  (Samuels).  Chiefly  beetles 
and  other  insects,  berries  and  other  small  fruits.  It  is  said  to  be  especially  fond 
of  wild  strawberries  (Brewer). 

55.  Myiodioctes  mitratus  (Gm.),  Aud.    HOODED  FLY-CATCHING 

WARBLER.    Group  IL    Class  a. 

As  with  the  last,  this  is  a  southern  species,  probably  to  be  found  only  along 
the  lake  shore,  and  there  but  rarely. 

Food:  Insects  taken  on  the  wing  (Brewer).  Winged  insects  (Wilson).  In- 
sects which  it  takes  on  the  wing  (De  Kay). 

66.  Myiodioctes  fusillus  (Wils.),  Bp.    BLACK-CAPPED  FLY-CATCHING 

WARBLER.    Group  II.    Class  a. 

his  species  is  credited  to  North  America  at  large,  and  regarded  as  common; 
yet  it  has  not  been  my  good  fortune  to  meet  with  it.  Nelson  states  that  it  is 
found  along  the  borders  of  woods  and  about  willow  patches,  and  that  it  is  a 
common  migrant  in  Northeastern  Illinois,  May  7th  to  25th,  and  the  flrst  of  Sep- 
tember. Since  writing  the  above,  one  of  these  birds  was  picked  up  dead  at 
River  Falls  after  the  cold  wave  of  May,  1882,  by  which  it  had  been  killed. 

57.  Myiodioctes  Canadensis  (Linn.),  Aud.    CANADA  FLY-CATCHER. 

Group  L    Class  a. 

This  bird  is  chiefly  a  migrant  in  the  United  States.  It  is  probable,  however, 
that  it  breeds  regularly  in  the  northern  portion  of  the  state,  as  it  does  in  Maine, 
for  I  obtained  a  young  specimen,  fully  fledged,  near  Worcester,  July  19, 1876. 
It  was  on  the  border  of  a  cedar  swamp  flitting  along  among  the  lower  branches 
of  the  hemlocks  and  pines  which  abound  in  that  region.  In  the  southern  por- 
tion of  the  state,  during  the  migrations,  it  frequents  the  densely  wooded  banks 
of  streams.    It  is  not  common,  at  least  in  Central  Wisconsin. 

Food:  Of  three  specimens  examined,  two  had  eaten  flies;  one,  a  hymenopter- 
ous  insect;  one,  beetles;  and  one,  larvae. 

Insects  (Wilson).    Insects  taken  on  the  wing  (Samuels). 

68.  Setophaga  RunciLLA  (Linn.),  Sw.    AMERICAN  REDSTART.    Group  L 

Class  b. 

A  few  Redstarts  breed  in  the  southern  part  of  the  state,  but  the  great  major- 
ity pass  northward,  at  least  beyond  Waupaca,  to  nest.  During  the  last  days  of 
July  or  early  in  August,  they  become  suddenly  abundant  and  remain  so  until 
the  middle  of  September,  after  which  only  loiterers  are  to  be  found.  Its  favorite 
haunts  are  the  interior  woodlands,  both  damp  and  dry,  the  wooded  banks  of 
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streams,  and  low,  damp  thicketa.  Onvefl,  fence-rowe  and  orchards  aro  fUso 
viaiied  b7  It  frequentlj. 

In  itB  method  of  obtaining  food,  the  Bedstart  is  a  fly^catcher  of  the  most  ex- 
pert and  vigoroue  sort,  bat  its  small  sise,  its  great  dexteritjr,  and  its  peculiar 
htmting  grounds  enable  it  to  do  a  work  quite  distinct  from  that  of  the  true  Fly- 
catchers, even  of  the  woodland  species.  Instead  of  stationing  itself  on  the 
terminal  branches  where  it  can  survey  the  openings  between  tbe  tree-tope  or 
oomniond  the  fields  above  or  below  thein,  its  peculiar  field  is  within  each  partic- 
ular tree-top,  and  here  It  plunges  headlong  through  tbe  branches,  turning  somer- 
saults and  performing  such  aerial  movements  in  pursuit  of  its  prey  as  only  a 
Bedstart  can.  It  doeabeat  out  into  the  open  air  and  plunge  inhawk-Iikeswoops 
to  the  ground,  but  these  ore  its  sports — its  trespassings  upon  the  rights  of 
otIierB.  Its  broad-based  bill,  and  strong  depending  rictals.  givingto  the  mouth, 
when  open,  the  shape  of  a  wide  funnel,  its  keen  vision,  'and  Its  whole  aerial  out- 
fit are  adjusted  to  the  gall-fiies,  leaf-miners,  and  other  diminutive  insects  among 
which  it  lives,  and  upon  which,  I  have  no  donbt,  it  feeds.  Could  it  be  induced 
to  live  in  orchards,  vineyards,  gardens  and  parks,  it  would  do  there  a  work 
Which  the  Fewee,  the  Least  Fly-cat«her  and  the  Kingbird  cannot.  Ur.  Samuels 
'  says  that  he  has  known  a  pair  to  boild,  and  rear  a  brood,  in  a  garden  witbin  five 
rods  tf  a  honse. 

Food:  From  tbe  contents  of  eleven  stomachs,  examined  collectively,  were 
taken  fourteen  small  beetles  —  some  of  them  .00  of  an  inch  long;  four  very 
small  moths,  four  small  hymenopterous  insects  —  one.  an  icbneumon,  and  one, 
one  of  the  Proctrotrypidat  .1  of  an  inch  long ;  one  heteropterous  insect,  .08 
of  an  inch  long,  and  a  large  number  of  dipterous  insects,  tbe  majority  of  them 
leee  than  one-tenth  of  an  inch  long.  Three  others  hod  in  their  stomachs  a  single 
smaU  larva  each. 

Winged  insecta  (Wilson).  Various  insects  and  their  larvss  (De  Kay).  Winged 
inseclB  and  larvss  (Audubon),  Three  specimcuB  examined  by  Professor  Forijea 
gave  evidence  of  having  eaten  on  ichneumon-fiy,  moths  and  caterptUars,  beetles 
and  leaf-hoppers. 

Familt  TANA0RID£:  Tanagees. 
Fia  118. 
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Tabular  Sammary  of  Economic  Relations  thowiitg  the  nuviber  of  Mjonmens  con- 
taining animal  and  vegetable  food,  and  the  number  of  inteeta  and  gpvien 
taken  from  the  slomacfu,  clawifled  at  to  economic  relatiojts  under  the  heads 
Senefieial,  Detrimental  and  Unknoien  Selationa. 
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I.  PnuNQA  BUBRA.  {LmM.),  VooLL    SCARLET  TANAOER.    GEonp  L 
CI.A8S  b. 


This  brilliant  bird  is  very  common  with  ns,  and  breeda  abnudantl)'  In  groves 
and  the  borders  of  woodlands,  and,  ooijasionally,  in  orchards.  These  situations 
are  also  its  uaual  haunts  during  the  summer.  In  its  choice  of  food  and  in  its 
manner  of  obtainiDg  it,  the  Scarlet  Tanager  is  quite  comprehenaiTe.  It  ia  quite 
an  expert  fly-catcher,  but,  apparently,  seizes  only  the  larger  winged  insects.  I 
have  aeen  it  beat  out  into  a  field,  from  the  border  of  a  piece  of  woods,  and  capt* 
nre  a  butterfly  fColiaa  philodicej,  which  was  flying  t«n  roda  distant.  U  proper 
breading  grounds  are  provided  for  it,  I  see  no  reason  why  it  should  not  maintain 
a  steady  and  considerable  abundance,  and  foove  itself  a  very  useful  bird.    Tbe 
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few  berries  which  it  occarioiuDy  eats  an  Tnlnelen  compared  with  the  wrriM 
which  it  is  capable  of  rendering. 

FiMxl:  Of  twen^-nine  ipecimeufl  examined,  one  lud  eaten  ante;  three,  three 
ichneuinon-fliee,  two  of  them  ThaUtta  bmatort,  the  other  a  small  species  haring 
an  extent  of  wing  of  one-tenth  of  an  inch;  eight,  twenty-six  caterpillars; 
three,  six  diptera,  three  of  them  tipulids;  seventeen,  fortj-seven  beetles;  three, 
six  hemipterous  insects;  four,  seven  grasshoppeie;  one,  a  small  dragon-fl;;  one, 
a  Ter7  large  spider;  and  two,  ten  harvest-men.  Cnrcnlios,  elaters  and  leaf-chaf- 
ers, some  of  them  three-fonrths  of  an  inch  loDg,  were  represented  among  the 
beetles.  From  the  stomachs  of  three  young  birds  leas  than  a  week  old  were 
taken  four  caterpillars,  one  fly,  one  small  granbopper,  one  faemipterons  insect, 
together  with  undetermined  fragments. 

Wasps,  hornets,  humble  bees  and  other  large  winged  insects;  also,  oherriea, 
huckleberries  and  other  fruits  (Wile.).  Insects  found  among  tall  cottonwood 
trees,  and  frequently  a  kind  of  bee  found  on  laurea  bushes  (Cooper).  Insects 
and  their  larvee,  preferring  beetles,  wasps,  etc ;  also,  berries  and  grapes  (De  Eaj). 
Insects  (Samuels).  Cherries,  dogwood  berries  and  oedar  berries.  Spends  much 
of  its  time  in  porsoit  of  insects  (Audubon). 


60.  Pykasoa  ludotiouva  (Wils.),  Bp.    LOUISIANA  TANAOER.    Obouf 
IL    Cljus  a. 

Hr.  Thnre  Knmlfen  Informs  me  that  he  obtained  a  pair  of  these  birds  breed* 
log  near  BnseeTville,  in  Hay,  1BT7.  The  bird  appears,  however,  to  be  out  of 
plaoe. 

Food:  InseotB  and  berries  (Cooper).  The  stomach  of  a  specimen  examined  t^ 
Dr.  Suckley  contained  insecte,  principally  coleoptera,  among  them  many  frag- 
ments of  a  large  BupnttU,  found  generally  on  the  Douglas  flr-trees  (Coues). 


FAHiLr  HntlTNBINIDJ::  Swaixowb. 
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v  Swallow  (THttDpt-DoiM  Mei>Ior).    Att«r  Bsird,  Brewar  and  BtdcwsTi 
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Tabular  Summary  of  Bconomie  RdaiioJU  shtmiing  tt«  ir«m6er  of  tpecimeM  aon- 
taining  animal  and  vegetable  food,  and  the  number  of  insects,  spiders  and 
molliisks  taken  from  the  gtomacha.  classified  as  to  economic  relaiions  under 
the  heads  Ben^ial,  Detrimental  and  Unknown  Belations. 
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61.  EiRCinK)  EBTTHHOaASTBA  HOKEEORUH  (Baktr.),   Coues.     BARN 
SWALLOW.    Qboup  I.    Class  b. 

The  Bam  Swallow,  familiar  ae  it  is  in  most  thickly  settled  districts,  for  which 
it  has  abandoned  its  native  hauota  to  obtain  drjer  and  securer  breediog  places, 
nowhere  receives  that  attention  and  encouragement  which  it  meriia.  The  trim, 
tasty  bams,  so  fast  supplanting  the  old  oaken  excuses,  intentionally  exclude  the 
Swallow  in  almost  every  case;  even  the  projecting  rafters  under  tlie  generous 
eaves  are  so  smoothly  cased  aa  to  preclude  a  foothold  for  tlie  birds.  There  ia 
nothing  out  of  the  way  in  a  tight,  tasty  bam,  but  it  should  make  special  provis- 
ion for  both  the  Bam  and  Eave  Swallows.  The  trifling  litter  which  they  may 
produce  in  the  bam  is  nothing  when  compared  with  the  service  they  render,  nor 
the  half  of  what  is  often  freely  permitted  from  poultry.  Ho  wlio  eicludea 
them  because  of  their  twitt«r  most  be  irritable  indeed.  Generous  swallow-holes 
should  be  made  in  the  gables.  If  brackets,  designed  with  a  view  to  their  adapta- 
bility to  birds,  were  put  up  under  the  broad  eaves,  they  would  servo  the  double 
purpose  of  ornamentation  and  utility.  Robins,  Pewees  and  Chipping  Sparrows 
are  all  learning  the  inacceasibleneas  of  such  places  to  cats  and  other  enemiee,  for 
I  Iiave  found  their  nests  in  such  situations,  and  Eave  Swallows  could  certainly 
secure  tlieir  nests  much  more  readily  if  such  provisions  were  made. 

One  great  advantage  of  the  Bam  Swallow,  and  of  all  of  them  in  fact,  aa  a 
bird  to  be  encouraged  in  agrionltuinl  districts,  ia  its  independence  of  woodlands 
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and  groves,  which  must  necessarily  grow  smaller  and  fewer  as  land  increases  in 
value.  Again,  their  strong  power  of  flight  enables  them  to  remain  persistently 
upon  the  wing  for  hours  at  a  time,  and  thus  to  do  in  the  open  fields,  away  from 
fences  and  trees,  what  other  fly-catching  birds  are  not  able  to  accomplish.  I 
have  seen  a  squad  of  these  birds  follow  a  horse-rake  back  and  forth  across  a 
stubble,  apparently  catching  insects  which  were  frightened  into  the  air  by  the 
rake.  They  often  hover  about  a  flock  of  sheep,  either  to  capture  the  flies  which 
trouble  them,  or  the  insects  which  they  startle  while  feeding.  As  the  Swallow 
feeds  to  a  considerable  extent  upon  small  dipterous  insects  and  upon  moths,  we 
may  expect  to  learn  by  careful  study,  that  the  Hessian  fly  and  the  clover-moth, 
which  flies  to  some  extent  during  cloudy  weather,  are  destroyed  by  it  in  consid- 
erable numbers,  as  well  as  allied  forms  which  affect  similar  situations. 

Food:  Of  eleven  Bam  Swallows  examined,  seven  had  eaten  fourteen  small 
moths;  seven,  forty  diptera,  among  which  were  thirty-three  tipulids  fPachyr^ 
rtna  ferrugina  fj;  two,  six  beetles;  and  one,  a  small  dragon-fly. 

Insects  (Cooper).  Destroys  numerous  noxious  winged  insects  (De  Kay).  Of 
two  specimens  examined  by  Prof.  Forbes,  each  had  eaten  hymenoptera;  one, 
leaf-chafers;  one,  diptera;  one,  hemiptera;  and  one,  dragon-flies. 

62.  IRIDOPROONB  BICJOLOB  (ViEiLL.),  CouES.    WHITE-BRLLIED  SWALLOW. 

Group  II.    Class  a. 

This  Swallow  is  perhaps  more  abundant  than  the  last  species,  and  during  the 
fall  it  often  collects  in  very  large  flocks.  By  the  middle  of  September,  nearly 
all  have  left  for  the  South.  Early  in  the  summer  they  are  most  abundant  along 
the  borders  of  streams  and  reedy  lakes,  especially  where  dead  trees  abound,  in 
the  hollow  limbs  and  trunks  of  which  they  breed.  In  July  and  August  they 
spread  out  over  fields,  pastures  and  meadows,  of tenest  in  damp  situations  not 
far  removed  from  water.  During  September  they  affect  all  open  situations.  In 
Eastern  Massachusetts  this  species  is  said  to  have  undergone  a  complete  change 
in  breeding  habits.  There  it  now  breeds  almost  exclusively  in  martin-houses, 
and  any  sheltered  and  accessible  box  appears  to  answer  their  purpose.  In  Mas- 
sachusetts, too,  they  are  most  abundant  in  cities,  while  in  sparsely  settled  dis- 
tricts they  shun  dwellings  almost  entirely. 

It  is  said  that  during  the  breeding  season  this  Swallow  is  somewhat  quarrel- 
some, and  even  aggressive.  Audubon  knew  of  a  pair  driving  the  Bam  Swallow 
from  its  nest  and  taking  possession  of  it,  but  this  act  Dr.  Brewer  regards  as 
exceptionaL  The  change  of  habits  which  this  species  is  undergoing  in  the  East, 
suggests  an  apparently  ready  means  of  giving  it  a  general  distribution  and  con- 
siderable abundance  with  us,  should  this  be  desirable.  I  have  no  doubt  that,  if 
houses  were  put  up  along  the  fences  about  the  fields,  in  a  few  years  these  birds 
would  take  possession  of  them  and  become  much  more  abundant  than  they  are 
at  present.  Further  study  of  their  food  appears  to  be  necessary,  however,  be- 
fore such  steps  should  be  advised.  The  small  species  of  dragon-flies  to  wliich 
these  birds  are  apparently  so  destructive  are  very  abundant  in  grain  fields  and 
meadows,  especially  those  that  are  low  and  not  far  from  standing  or  running 
water.  It  is  known  that  these  insects  are  predaceous,  and  a  careful  study  of 
their  food  may  show  that  they  are  very  serviceable  in  holding  in  check  such 
small  insects  as  the  wheat-midge  and  Hessian  fly.  This  swallow,  however,  it 
will  be  seen,  stoops  to  capture  plant-lice  and  dipterous  insects  just  as  small  as 
the  wheat-midge.  Another  very  valuable  trait  in  this  species  is  its  apparent 
destructiveness  to  weevils  —  insects  so  many  of  which  are  injiuious. 
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Food:  From  two  stomachs  were  taken  sixteen  small  dragon-flies,  seven  wee- 
vils, all  BremrostreSy  three  rove-beetles,  one  other  beetle,  two  hymenopterous  in- 
sects, one  belonging  to  the  Evaniidce,  the  other  having  an  extent  of  .22  of  an 
inch,  three  winged  aphidae,  and  one  dipterous  insect  equal  in  size  to  the  wheat- 
midge.  In  the  stomachs  of  two  others  were  found  five  weevils,  five  lamellicorn 
beetles,  four  small  dragon-flies,  one  heteropterous  insect  belonging  to  the  tribe 
Obscuta,  and  two  winged  ants.  Two  other  specimens  had  eaten  nineteen  winged 
aphidse,  five  small  dragon-flies,  nine  small  beetles,  among  them  a  click-beetle 
(Elater  hierogiypJiicusJf  a  weevil  and  a  lamellicorn  beetle,  and  two  ichneumon- 
flies.  Of  ten  other  specimens  examined,  six  had  eaten  beetles;  two,  small  grass- 
hoppers; and  one,  only  dipterous  insects,  among  them  crane-flies. 

In  the  fall,  principally  myrtle-berries  (Wilson).  Insects  and  myrtle-berries 
(De  Kay). 

63.  Petrochelidon  lunifrons  (Say),  Cab.    CLIFF  SWALLOW;  EAVE 

SWALLOW.    Group  L    Class  b. 

The  Eave  Swallow  is  not  uniformly  distributed  throughout  the  state,  but  in 
certain  localities  it  is  abundant.  In  Jefiferson  or  Walworth  county  I  have  never 
met  with  them,  but  in  Green  Lake  and  Waupaca  they  are  common.  As  many 
as  twenty-five  nests,  nearly  all  occupied,  have  been  counted  under  the  eaves  of 
a  single  bam.  They  affect,  chiefly,  dry  upland  flelds,  where  they  skim  about 
over  wheat  fields  and  meadows.  They  may  frequently  be  seen  sweeping  close 
to  the  groimd  over  a  freshly  cut  piece  of  clover  before  the  grass  has  been  taken 
up,  often  dipping  into  the  grass  for  insects. 

Food:  From  the  stomach  of  a  specimen  shot  while  skimming  over  a  field  of 
wheat  were  taken  twelve  leaf -hoppers,  a  green  and  brown  species,  seven  dipter- 
ous insects,  one  of  them  a  large  crane-fly,  six  small  beetles,  and  two  medium- 
sized  ichneumon-flies. 

Dr.  Cooper  states  that  he  has  seen  this  species  catching  small  grasshoppers 
when  they  were  swarming  on  a  dry  hillside.  Of  five  8i)ecimens  examined  by 
Prof.  Forbes,  four  had  eaten  hymenoptera,  ants,  wasps,  ichneumons;  five, 
beetles,  ground-beetles,  Nititulidae,  fungus-beetles,  rove-beetles,  leaf-chafers, 
curculios  and  long-horns;  one,  diptera;  and  two,  hemiptera. 

64.  CoTYLE  RiPARiA  (Linn.),  BoiE.    BANK  SWALLOW.   Group  II.    Class  a. 

The  Bank  Swallow  still  clings  to  its  ancient  breeding  habits,  and  places  its 
nest  in  burrows  made  in  sandy  banks  and  cliffs,  usually  adjacent  to  streams  or 
lakes,  but  sometimes  where  a  stone  quarry  has  been  opened.  Its  distribution  is, 
therefore,  local  during  the  breeding  season,  and  determined  by  suitable  breeding 
places.  It  is  social  in  its  habits,  and  a  hundred  families  often  breed  together 
in  a  single  bank.  Wilson  states  that  the  Crow  sometimes  watches  at  the  en- 
trance to  their  nests  for  the  young  birds  when  they  emerge. 

Food:  Small  hymenopterous  insects,  which  they  take  on  the  wing  (De  Kay). 

05.  STKLOmOPTERYX  SERRIPENNIS  (AuD.),  Bd.    ROUGH-WINGED  SWALLOW. 

Group  II.    Class  a. 

A  single  specimen  of  this  species  was  taken  while  skimming  about  over  Fox 
river  at  Berlin,  May  2,  1874.  It  was  in  company  with  a  dozen  more  Swallows. 
probably  of  the  same  species.     It  is  apparently  uncommon  here,  and  Mr.  Nelson 
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cites  it  as  a  rare  summer  resident  in  Northeastern  Illinois.    It  is  quite  similar  in 
habits  to  the  last  species,  in  company  with  which  it  sometimes  nests.    It  is  said 
to  enter  towns  occasionally,  and  to  build  its  nest  under  the  eaves  and  in  holes  in 
old  walls. 
Food:  The  single  specimen  examined  had  eaten  only  small  beetles. 

66.  PEoaNB  suBis  (Linn.),  Bd.     PURPLE  MARTIN.    Group  II.     Class  a. 

This  species,  so  common,  familiar,  and  confiding,  is  quite  as  general  a  favor- 
ite as  any  bird  we  have;  how  justly,  however,  recorded  facts,  so  far  as  I  know 
them,  do  not  warrant  an  assertion.  Apiarists  enter  severe  complaints  against 
it,  and  with  some  justice,  as  my  own  notes  indicate.  But  its  injuries  are  not 
confined  to  the  destruction  of  bees.  Dragon-flies,  tiger-beetles,  and  predaceous 
wasps  and  flies  are  destroyed  by  it,  apparently  in  large  numbers.  These  in- 
sects are,  presumably,  as  beneflcial,  so  far  as  the  character  of  their  food  is  con- 
cerned, as  any  purely  insectivorous  bird  can  be. 

Let  us  suppose  that,  during  the  flrst  one  hundred  days  of  the  Martinis  stay 
with  us,  it  destroys  on  an  average,  besides  noxious  insects,  three  insects  per 
day,  each  as  beneflcial  as  a  tiger-beetle.  The  entire  destruction,  during  the 
time,  would  be  three  hundred  individuals.  Allowing  each  insect  to  lead  an  aver- 
age active  life  of  thirty  days,  and  to  destroy  insects  at  the  rate  of  three  per  day, 
27,000  insects  would  represent  the  aggregate  destructiveness  of  the  three  hun- 
dred individuals.  It  would,  therefore,  be  necessary  for  the  Martin  to  consume 
noxious  insects  at  the  rate  of  two  hundred  and  seven  per  day  for  one  hundred 
and  thirty  days,  to  recompense  the  services  of  these  insects. 

It  is  Dr.  Brewer's  opinion  that  the  Martin  is,  on  the  whole,  very  beneficial, 
and  were  it  only  destructive  to  bees,  there  could  be  no  doubt  that  his  views  are 
correct.  As  it  is,  the  few  definite  facts  which  we  have  must  be  held  until  many 
more  can  be  placed  with  them  before  final  conclusions  can  be  reached.  It  should 
be  said  that  the  destructiveness  of  this  species  to  bees  is  not  confined  to  those 
birds  which  chance  to  breed  near  the  hives.  The  four  young  birds  from  wliich 
the  following  notes  were  obtained  were  bred  in  a  martin-house  which  stood  fully 
two  miles  from  any  hive,  and  there  was  no  extensive  apiary  in  the  neighbor- 
hood. 

Food:  In  the  stomachs  of  four  young  birds  about  eight  days  old  were  found 
respectively,  (a)  two  butterflies  (Colias  philodicej  and  a  skipper),  six  honey- 
bees and  many  bits  of  shells  of  small  mollusks;  (b)  two  large  dragon-flies,  a 
large  bee-fly,  two  honey-bees  and  bits  of  shells  of  small  mollusks;  (c)  one  large 
dragon-fly,  three  honey-bees,  and  fragments  of  the  shells  of  small  mollusks; 
(d)  two  medium-sized  dragon-flies,  one  honey-bee,  and  small  pieces  of  shells. 
Another  young  bird,  which  had  recently  left  the  nest  and  was  being  fed  by  its 
parents,  had  in  its  stomach  the  remains  of  seven  tiger-beetles  (Cicindela  vulgaris  J , 
with  a  few  minute  fragments  of  insects.  As  an  offset  to  the  above,  Packard 
states:  ''When  a  storm  prostrated  a  martin-box,  one  of  its  compartments  was 
foimd  literally  packed  with  the  dried  remains  of  the  little  yellow  and  black 
squash  beetle." 

Large  beetles  —  among  them  the  Gk>ldsmith  beetle, —  wasps  and  bees  (Wilson). 
Various  winged  insects,  as  wasps,  bees,  and  large  beetles  (De  Kay).  Large 
numbers  of  bees  (I.  L.  Hersey,  Am.  Nat.,  Vol.  VII,  p.  484).  The  larger  kinds 
of  insects,  especially  beetles  (Brewer). 
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Ctoim  Wtxwma  iAatpMt  tadrtrnmij.   From  TeaMgr'a  Zooliv. 
67.  AxpKLis  OABBULCS,  iJim.  BOHEMIAN  WAX  WIN  G.   GsonpH.  CLiBBa. 

An  irregtilar  wiiit«r  resident,  often  appearing  in  large  flocks. 

Food:  Berries  of  the  mountain  ash,  the  hawthorn  and  the  ivy;  it  also  feeds  on 
insects,  catcliing  th«m  on  the  wing  as  dexterously  as  a  Flycatcher  (Brewer). 
Juniper  berries  (Samuels).  Chiefly  insecta  and  berriee  (Cooper).  Jumper  berries 
(E.  W.  Nelson). 

6S.  AxpSLis  OKDBOsini  (Timx.),  Bd.  CEDAR  WAXWIKG;  CHERRY  BIRD. 
Oboup  I.    Class  b. 

The  Cedar  Bird,  like  the  last  species,  leads  a  wandering  life,  but  unlike  that 
bird,  it  is  a  common  summer  resident.  It  is  also  one  of  the  earUest  birds  that 
reaches  ua  in  the  spring,  sometimes  arriving  in  February.  As  yet,  with  us,  it  is 
confined  princip;:lly  to  wooded  districts  until  after  the  breeding  season,  but  it 
does  occasionally  nest  in  orchards  and  villages.  Late  in  July  or  early  in  August 
they  unite  in  small  squads,  composed  of  two  or  thi'ee  families,  and  rove  here 
and  there  about  the  country.  It  is  an  exceedingly  hardy  and  voracious  bird,  and 
for  this  reason  has  become  adapted  to  a  wide  range  of  food.  During  the  spring 
and  early  summer  they  are  said  to  feed  alruoBt  exclusively  upon  insects,  and  my 
own  notes  prove  that  during  the  last  of  July  and  August  they  feed  to  a  consid- 
erable extent  upon  them.  They  are  dexterous  fly-catchers,  and  when  in  the 
woods  they  labor  in  a  field  almost  peculiar  to  themselves.  There  they  often  sta- 
tion themselves  on  the  topmost  branches  of  some  dead  tree-top  which  commands 
a  view  above  the  forest,  and  there  watch  hours  together  for  insects,  every  few 
minuted  beating  off  and  up  into  the  air  to  secure  the  winged  forms  that  are  pass- 
ing above  them.  On  the  borders  of  woods  they  often  beat  out  into  the  fields, 
six  or  more  rods,  for  passing  insects.  Besides  being  fly-catchers,  they  search 
much  among  the  foliage  of  trees  for  larvce  of  various  kinds. 

Notwithstanding  tlie  many  times  this  handsome  bird  has  been  sentenced  to 
extirpation  because  it  is  especially  fond  of  cherries,  the  jastice  or  injustice  of 
such  decisions  yet  remain  to  be  established.  And  this  leads  me  to  suggest  that 
it  may  yet  be  found  advisable  for  farmers  to  plant  cherry  trees  for  the  express 
purpose  of  attracting  birds  about  their  premises.  Many  of  our  Western  farm- 
ers are  not  only  scrupulously  careful  to  cut  down  every  tree  that  may  be  grow- 
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ing  in  their  fields,  but  they  are  often  equally  careful  to  grub  out  those  that 
remain  along  the  fences.  In  view  of  the  great  service  which  insectivorous 
birds  render  to  agriculture,  and  the  conditions  which  must  be  observed  in  order 
to  retain  them  in  abundance  in  agricultural  disti'icts,  the  destruction  of  trees  to 
which  I  have  referred  must  be  looked  upon  as  false  economy.  There  are  very 
few  of  our  birds  which  can  or  will  withstand  the  piercing  rays  of  the  mid- 
summer noon-day  sun,  unprotected  by  shade  of  some  sort;  and  a  still  smaller 
number  of  the  insectivorous  species  which  are  so  common  and  useful  now  can 
possibly  remain  after  the  groves  and  woods  are  gone,  unless  some  special  pjo- 
visions  are  made  for  them. 

The  planting  of  shade-trees  along  the  streets,  which  so  many  are  now  doing, 
is  a  step  in  the  right  direction;  and  the  setting  of  trees  along  *'  line-fences," 
which  a  few  on  the  prairies  are  attempting,  is  still  more  to  the  xK>int.  I  believe 
that  nearly  every  stationary  fence  on  the  farm  should  have  its  row  of  deep- 
rooting  shade-trees;  and  especially  should  this  be  the  case  on  the  prairies,  where 
there  are  so  few  attractions  for  birds.  It  need  only  be  added,  in  urging  this 
point,  that  scientific  men  have  earnestly  advised  long  ago  this  planting  of  trees 
for  other  purposes.  In  clearing  farms  in  the  future,  much  labor  and  expense 
may  be  saved  by  reserving  such  trees  as  are  already  growing  where  they  are 
needed.  I  have  said  that  it  may  yet  be  found  advisable  to  plant  cherry  trees 
for  the  purpose  of  attracting  birds.  The  place  for  them  would  be  along  the 
fences,  where  they  could  serve  not  only  as  shade  and  to  draw  the  birds  into  the 
fields,  but  at  the  same  time  enable  certain  species  to  maintain  a  greater  abiui- 
dance.  A  more  careful  survey  of  the  questions  involved,  however,  is  needed 
before  such  steps  can  be  advised  unhesitatingly. 

Food:  Of  fifteen  specimens  examined,  all  but  two  had  eaten  cherries;  two, 
raspberries;  and  two,  red  elder-berries.  One  had  eaten  five  ichneumons  ( ? );  two, 
three  beetles;  one,  three  crickets;  one,  four  tipulids;  one,  fifty  tipulid  eggs;  one, 
two  lace- wings;  and  one,  a  caddis-fiy. 

Whortleberries,  berries  of  sour  gum,  red  cedar-berries,  cherries,  and  a  few 
beetles  and  other  insects  (Wilson).  Myrtle-berries  (Cooper).  Cherries,  small 
beetles,  canker-worms,  and  other  caterpillars  (De  Kay).  Cherries  and  caterpil- 
lars (Samuels).  Caterpillars,  beetles,  canker-worms  and  various  insects.  It 
more  than  pays  for  the  cherries  it  eats  (Nuttall).  They  are,  by  preference,  eat- 
ers of  berries  and  other  vegetable  food,  except  in  the  spring  and  early  summer, 
when  they  eat  insects  almost  exclusively,  feeding  upon  the  larvae  of  the  span- 
worms  and  canker-worm  and  small  caterpillars,  by  supplying  these  to  their 
young  (Brewer).  Wilson,  speaking  of  its  food  in  the  South,  says:  **  Berries  of 
red  cedar,  myrtle,  holly,  Cassine  shrub,  man>  species  of  smilax,  together  with 
gumberries,  and  a  profusion  of  others  with  wliich  the  luxuriant  swampy  thick- 
ets of  those  regions  abound,  furnish  them  with  a  perpetual  feast."  He  also 
states  that  they  feed  upon  winged  insects,  of  which  they  are  very  fond  and  re- 
markably expert  at  catching. 

How  destructive  these  birds  are  to  caterpillars,  at  times,  is  shown  conclusively 
by  Prof.  Forbes  in  one  of  his  excellent  reports  on  the  food  of  birds.  He  says, 
in  discussing  the  food  of  some  birds  which  were  collected  in  an  orchard,  se- 
verely attacked  by  canker-worms,  in  May,  1881:  **  Next  comes  the  gem  of  our 
ornithological  beauties,  the  Cedar-bird,  sometimes  called  the  Cherry-bird,  and 
greatly  persecuted  for  its  love  of  cherries.  A  fiock  of  about  thirty  had  appar- 
ently taken  up  their  residence  in  this  orchard.  The  food  record  of  the  seven 
which  were  killed  is  very  brief  —  canker-worms  one  hundred  per  cent,  ex* 
pressed  it  alL    The  number  of  canker-wormg  in  each  stomach,  determined  by 
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actual  count,  ranged  from  aev«nt7  to  one  hundred  and  one,  and  was  lunallj 
nearly  one  hundred.  AsBUming  that  these  constituted  a  whole  day's  food,  the 
ttiirty  birds  were  destroying  three  thousand  worms  a  day,  or  ninety  thousand 
tor  the  month  during  which  the  caterpillar  is  exposed." 
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Table  thowtng  Iht  kind  and  number  of  insects  and  tpidera  eaten  by  the  Virtoi. 
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60.  TiBBO  OUTAOBUS  (LuTN.),  Tmu.    RED-EYED  VIREO;  REIKETED 

OREENLET.  Qbodf  I.  Class  b. 
No  Yiioo  ia  Wisconsiii  is  aa  numerous,  and  no  Bummer  lesideDt  of  the  wood- 
lands as  abundant  as  this  species.  The  depths  of  deciduous  forests,  the  out- 
skirts of  Bwamps,  low  damp  woods,  and  thick  groves  of  Toung  trees  are  its  usual 
haunts;  occasionallj  it  enters  orchards,  gardens  and  the  shad;  portions  of  vil. 
lages,  but  these  it  generallj  leaves  to  its  cousin  the  Warbling  Vireo.  The  greater 
portion  of  its  food  is  taken  from  the  foliage  of  trees  and  shrube  while  at  rest, 
>  Scale  reduced  cue-halt  tor  the  Il«4-e;ed  Vlreo. 
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but  it  often  pursues  and  captures  on  the  wing  the  moths  and  other  insects  which 
it  startles  from  their  hiding  places  beneath  the  leaves.  A  departure  from  its 
usual  habits  leads  it  occasionally  from  the  woods  and  groves  into  adjoining 
wheat-fields,  where  it  feeds  upon  chinch-bugs.  This  departure  is  a  very  desirable 
one,  but  it  is  doubtful  whether,  even  witl  a  generous  planting  of  shade-trees, 
this  species  can  become  sufficiently  abunda  it  to  render  any  appreciable  service 
in  this  direction,  but  its  ability  to  render  ser  rice  in  other  directions  is  very  great. 
It  is  almost  exclusively  insectivorous  and  particularly  fond  of  caterpillars,  both 
naked  and  hairy,  and  other  larvsB.  These  birds  are  often  the  foster  parents  of 
the  Cowbird. 

Food:  From  the  stomachs  of  eighteen  of  this  species  were  taken  fifteen  cater- 
pillars, five  other  larvae;  eight  beetles — among  them  five  weevils,  one  long- 
horn  and  one  darkling  beetle;  seventy  heteropterous  insects — among  them 
sixty-seven  chinch-bugs  ;  sixteen  winged  ants,  one  ichneumon  (?),  five  dragon- 
flies,  two  dipterous  insects — one  of  them  Tdbanua  atratua;  three  small  moths, 
two  grasshoppers,  one  aphis,  one  chrysalid,  two  spiders,  and  seven  dogwood 
berries.  Of  thirty-six  other  specimens  examined,  fifteen  had  eaten  caterpillars; 
two,  other  larvae;  nine,  beetles  —  among  them  two  Cocoinella  nuxli;  three, 
grasshoppers;  two,  ants;  two,  moths;  four,  insects,  none  of  which  were  iden- 
tified; and  seven,  fruits  or  seeds,  among  which  were  raspberries,  dogwood  ber- 
ries, berries  of  prickly  ash  and  sheep-berries. 

Insects  and  berries  (De  Kay).  Caterpillars,  noxious  larvae  and  winged  insects 
(Samuels).    Canker-worm  (Maynard).    Caterpillars  (Forbes). 

70,  ViREO  Philadklphicjus,  Cass.    BROTHERLY-LOVE  VIREO.    Group  IL 

Class  a. 

Mr.  Kumlien  is  said  to  have  been  familiar  with  this  little-known  species  since 
1849,  and  to  have  taken  specimens  of  it  every  year  since  that  period.  Mr.  Nelson 
also  speaks  of  it  as  a  common  migrant  in  Northeastern  Illinois  between  May 
15th  and  25th  and  September  5th  and  25th.  It  has  not  been  my  good  fortune  to 
obtain  it,  and  I  am  confident  that  I  have  not  mistaken  it  for  the  next  species.  It 
is  not  known  to  stay  with  us  during  the  summer,  and  its  nest  and  eggs  are 
unknown. 

71.  VmEO  GiLvus (ViEiLL.),  Bp.  WARBLING  VIREO;  WARBLING  GREEN- 

LET.    Group  I.    Class  b. 

This  species  is  a  common  summer  resident,  arriving  about  the  10th  of  May 
and  retiring  again  by  the  20th  of  September.  So  far  as  its  favorite  haunts  are 
concerned,  it  is  the  exact  counterpart  of  the  Red-eyed  Vireo,  the  shaded  streets 
of  cities,  nurseries,  orchards  aud  the  vicinity  of  dwellings  being  its  favorite 
resorts.  It  also  frequents  the  willow  clumps  of  marshes  and  groves,  but  is  rarely 
seen  iu  the  depths  of  the  forests.  It  is,  therefore,  peculiai'ly  adapted  to  thickly 
settled  districts,  and  when  properly  protected  aud  encouraged  it  may  be  expected 
to  become  abundant.  The  character  of  its  food  and  its  method  of  obtaining  it 
are  similar  to  those  of  the  Red-eyed  Vireo.  No  abundance  which  it  is  likely  to 
assume  can  cause  it  to  become  injurious,  and  a  pair  of  these  birds  breeding  in 
an  orchard  are  to  bo  guarded  with  the  same  care  as  the  choicest  tree. 

Food:  Of  sixteen  speriiuens  examined,  eight  had  eateu  thirty-four  caterpillars; 
two,  five  beetles,  among  which  were  a  lady-bird  (Coccinella  9-notataJ,  and  a 
(Diahrotica  duudicim-punctata);  three,  three  heteropterous  insects;  two,  two 
crane-flies;  one,  grasshoppers;  two,  twenty-eight  insect  eggs;  and  one,  dogwood 
berries. 
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Caterpillars  and  winged  insects  (Wilson).  Caterpillars  and  various  seeds  and 
berries  (De  Kay).  Small  black  caterpillars  which  infest  the  poplars  of  streets 
(Audubon).  Caterpillars  and  diptera;  larrsd  of  carabidsd,  the  vine-chafer  and 
long-homed  beetles  (Forbes). 

72.  ViREO  FLAViFRONS,  Vdeill.    YELLOW-THRO ATED  VIREO ;  YELLOW- 
THROATED  GREENLET.    Group  L    Class  a. 

This  Yireo  is  also  a  summer  resident,  and  quite  as  numerous  as  the  last  spe- 
cies. Its  haunts,  with  us,  are  somewhat  intermediate  between  olivaceus  and 
gilvuSf  but  approaching  closer  to  the  former.  In  the  Ekistem  States,  however, 
its  haunts  are  move  nearly  those  of  the  Warbling  Yireo.  In  regard  to  this  point 
Dr.  Brewer  says:  "I  have  found  none  of  this  genus,  not  even  the  gUvtta,  so 
common  in  the  vicinity  of  dwellings,  or  more  familiar  and  fearless  in  its  inter* 
course  with  man.  All  its  nests  that  I  have  ever  met  with  have  been  built  in 
orchards  and  gardens,  and  in  close  proximity  to  dwellings."  It  has  been  said  to 
seek  its  food  chiefly  among  the  upper  branches  of  trees.  My  experience  has 
been  to  find  it  more  commonly  feeding  low  down,  and  especiaUy  among  the 
under-brush.  It  even  searches  about  old  brush-piles  for  beetles.  It  is  a  stronger, 
coarser  natured  bird  than  any  of  the  preceding,  and  appears  to  feed  less  upon 
caterpillars;  but  it  promises  to  become  quite  as  useful  as  gUvus, 

Food:  Of  twenty-one  specimens  examined,  seven  had  eaten  caterpillars  — 
among  them  geometers;  seven,  beetles  —  among  them  weevils  and  a  Buprestis; 
three,  g^rasshoppers;  two,  moths;  two,  heteropterous  insects — among  them 
leaf -hoppers;  three,  dipterous  insects. 

Principally  winged  insects  (Wilson).  Caterpillars,  small  moths,  wild  bees  and 
wasps  (Audubon).  Chiefly  insects;  later  in  the  season  various  smaU  berries 
(Brewer).    Moths,  caterpillars,  diptera  (Forbes). 

78.  YntEO  souTABius,  YisiLL.    SOLITARY  YIREO;  SOLITARY  GREEN- 
LET.    Group  I.    Class  a. 

This  bird  is  an  uncommon  bird  wherever  I  have  collected,  and  I  have  obtained 
it  only  in  May  and  September.  Low,  damp  woods,  and  the  thickets  bordering 
streams  are  some  of  its  haunts.  Mr.  Nelson  speaks  of  it  as  abundant  during  the 
migrations,  and  found  everywhere  in  woods  and  thickets  in  Northeastern  lUi- 
nois.  Dr.  Brewer  records  an  instance  of  a  pair  once  nesting  near  his  dwelling. 
This  nest  became  the  receptacle  for  two  Cowbirds'  eggs,  which  were  removed. 
Subsequently,  the  nest  was  pillaged  by  the  Black-billed  Cuckoo. 

Food:  One  specimen  of  three  examined  had  eaten  two  caterpillars,  one  beetle 
and  a  hymenopterous  insect. 

Insects  and  berries  (De  Kay). 

74  Yireo  noveboragensib  (Gm.),  Bp.  WHITE-EYE0  VIREO;  WHITE-EYED 

GREENLET.    Group  I.    Class  a. 

Dr.  Brewer  states  that  this  Yireo  is  one  of  the  most  common  and  one  of  the 
most  widely  diffused  of  its  genus  in  all  parts  of  the  United  States  east  of  the 
Rocky  Mountains,  and  that  it  breeds  abundantly  in  the  Northwestern  States, 
Illinois,  Iowa,  and  Wisconsin.  The  bird,  however,  must  be  rare  in  the  places  I 
have  visited,  for  I  have  never  met  with  it.  Its  usual  haunts  are  said  to  be  the 
wild,  swampy,  open  grounds  near  the  edges  of  woods,  and  where  there  are 
thickets  of  smilax,  briers  and  wild  vines. 

Food:  Insects  and  berries  (De  Kay).    Canker-worm  (Brewer). 
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70.  Lanius  BOREALis,  Tnnx.    BUTCHER  BIRD;  NORTHERN  SHRIKK. 

Qboup  III.    Cuss  b. 

This  bird  is  a  regtilar  winter  visitor  to  WiBcouBin,  but  nut  in  large  nomberB. 
Earl7  in  October  it  reaches  the  pine  barrens  In  the  northern  part  of  the  state, 
and  shortly  after  makes  its  appearance  further  south.  During  the  winter  they 
often  visit  corn-fields  for  mice,  where  they  will  hover  over  a  wagon  to  aeiEe  the 
first  mouse  that  runs  out  upon  the  snow  from  the  shocks  that  are  being  removed. 
They  are  quarrelsome  among  themselves,  decidedly  rapacious,  and  the  dreaded 
foee  of  smaller  birds.  Sagacious  and  ivUy.  they  imitate  the  notes  of  other  birds 
to  decoy  them  within  reach,  or  remain  concealed  until  their  victims  approach, 
when  they  pounce  upon  them  unawares.  Their  audacity  is  so  great  that  they 
have  been  known  to  enter  dwellings  to  rob  the  canary  cage  of  its  inmates.  They 
dart  hawk-like  upon  their  prey,  with  almost  certain  aim,  and  pursue  it  with 
rapidity  aad  pertinacity  through  the  thickets  in  which  it  seeks  shelter.  Ur. 
Tripp  has  witnessed  this  bird  kill  and  bear  off  in  its  bill  a  Snowbird.  Dr.  Brewer 
speaks  of  a  pair  that  visited  the  Boston  Common,  killing  one  or  more  En^ish 
Sparrows  on  several  socceedve  days.  Hr.  Samuels  has  seen  it  fly  into  a  Sock  of 
Tree  Sparrows  and  kill  three  before  they  had  dispersed.  And  August  Fowler 
says  they  are  the  deadliest  enemy  of  the  Chickadee. 

These  observations,  it  should  be  observed,  were  made  during  the  winter  season, 
when  a  scanty  supply  of  food  doubtless  makes  the  bird  much  more  desperate 
than  it  is  in  its  summer  home,  surrounded  by  an  abundance  of  insects  upon  which 
it  also  feeds.  There  can  be  but  little  doubt,  however,  that  even  there  the  birds 
which  it  destroys  would  be  more  effective  in  destroying  insects,  if  permitted  to 
live,  than  it  can  be. 

Food:  Mice  and  beetles.  Principally  grasshoppers,  some  other  insects  and 
spiders,  occasionally  birds  (WUson).  Mice,  small  birds  and  insects  (Cooper). 
Small  birds,  mice,  injects  and  their  larvee  (BamuelsJ.  Snowbird  (Hr.  Trippe). 
English  Sparrow  (Brewer).  Black-capped  Chickadee  (August  Fowler).  Field- 
mice  and  small  birds  (Dr.  Hoy). 
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Id.  Lanius  ludovicianus  exoubiteroides  (Sw.),  Coues.    WHITE-RUMPED 

SHRIKE.    Group  HI.    Class  b. 

This  bird  is  a  common  summer  resident,  but  happily  not  very  abundant.  It 
is  peculiarly  a  bird  of  open  countries  and  frequents  fields,  pastures  and  meadows 
of  both  high  and  low  lands.  It  possesses  many  of  the  traits  of  the  last  si)ecie8, 
but  is  a  smaller  and  weaker  bird.  Dr.  Cooper  has  seen  it  kill  a  Sparrow,  but  he 
thinks  that  the  occurrence  is  exceptional;  and  Mr.  Ridgway  found  a  Chimney 
Swallow  which  it  had  impaled  on  a  thorn.  He  also  saw  one  of  these  birds  dash 
upon  a  canary  bird  cage,  and  when  the  frightened  inmate  thrust  its  head  between 
tho  wires,  the  Shrike  seized  and  tore  it  off  with  its  powerful  beak.  I  have  seen 
four  Robins  together  attempting  to  drive  one  of  these  birds  from  the  vicinity  of 
a  nest  of  half -grown  young;  and  the  Shrike  only  shifted  its  position  upon  the 
limbs  of  the  tree  to  face  its  enemies,  until  my  gun  brought  it  to  the  ground.  A 
nest  which  was  built  in  an  apple  tree,  but  recently  abandoned,  I  found  literally 
lined  with  the  wing-covers  and  legs  of  three  species  of  tiger-beetles. 

Since  writing  the  above  there  has  come  to  my  knowledge  positive  evidence  of 
this  species  having  killed  three  other  birds.  One  of  them  was  a  canary  bird 
which  belonged  to  Mr.  Thomas  Martin,  of  River  Falls.  The  bird  was  hung  in 
its  cage  outside  the  door,  where  it  was  discovered  by  this  Shrike  and  its  head 
torn  from  its  body.  This  spring,  1882,  a  pair  of  these  Shrikes  built  their  nest 
in  an  evergreen  standing  in  the  cemetery  at  River  Falls.  Mr.  Harry  Smith, 
while  passing  one  morning,  observed  a  Shrike  flying  toward  the  graveyard  with 
a  small  bird  in  its  mouth.  He  followed  the  Shrike  and  observed  him  fix  his 
bird  in  the  crotch  of  a  limb  and  proceed  to  pick  off  the  feathers.  Very  soon 
the  Shrike  tore  off  the  head  of  its  prey  and  ate  it,  after  which  another  piece  was 
removed,  and  this  was  carried  to  the  nest  and  disposed  of  there.  The  remainder 
of  the  bird  Mr.  Smith  carried  away.  Two  days  after  this  event  I  visited  the 
scene  described,  in  company  with  Mr.  Smith,  and  we  found  in  the  tree  where 
the  bird  had  been  torn  in  pieces,  two  short,  sharp,  stiff,  dead  limbs  standing  in 
two  forks  of  other  limbs  which  were  on  opposite  sides  of  the  same  small  burr 
oak.  Each  of  these  sharp  stubs  had  been  used  as  a  spit,  for  both  were  coated 
with  a  thick  layer  of  blood,  to  which  were  adhering  small  olive-green  feathers, 
probably  those  of  some  Warbler.  From  this  evidence  and  that  of  Mr.  Smith,  it 
is  certain  that  this  pair  had  killed  at  least  two  birds,  and,  judging  from  the 
thickness  of  the  layer  of  blood,  I  suspect  that  more  than  two  had  been 
spitted  upon  them.  On  another  tree  in  the  vicinity  of  this  Shrike's  nest,  we 
found  another  short,  dead  limb  similarly  situated  which  had  been  used  in  the 
same  manner.  It  was  thickly  coated  with  blood,  and  to  it  were  adhering  the 
hairs  of  some  mouse.  We  whittled  these  limbs  and  returned  some  days  after- 
ward to  examine  them,  but  they  had  not  been  soiled.  Two  birds  and  one  mouse 
at  least  must  have  been  destroyed  by  this  pair  of  Shrikes  while  breeding  in  the 
place  named.  The  nest  had  four  young  birds  in  it  one  week  old  at  the  time  of 
our  visit. 

From  what  is  here  recorded  it  is  evident  that,  wherever  else  this  Shrike  may 
be  allowed  to  breed,  it  should  not  be  tolerated  about  dwellings  and  orchards 
where  small  birds  are  so  serviceable. 

Food:  Of  fifteen  specimens  examined  or  observed,  one  had  eaten  seven  moths; 
three,  five  caterpillars;  two,  eleven  diptera,  among  them  five  crane-flies;  nine, 
eighteen  beetles,  among  them  three  ground-beetles,  three  carrion-beetles  and  two 
leaf-chafers;  flve,  twenty-two  grasshoppers;  two,  two  crickets;  three,  six  May- 
flies; two,  four  snails.    Two  had  killed  three  birds  —  one,  a  Canary-bird,  and 
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one,  two  Warblera;  two,  two  mice.    One  of  the  birds  was  shot  while  in  the  act 
of  killing  a  meadow  mouse  (Arvicola  ripariaj. 

It  depends  on  graeBhoppera  and  other  iuaects  (Cooper).  Snakiw,  lizards  and 
tree-toada  (S.  O.  Gedney,  Am.  Nat,  VoL  m.  p.  160).  Mice,  ^oung  birds,  and 
large  insects  (P.  R.  H07).  Mr.  Ridgwaf  has  found  shrews,  mice,  grasahoppera, 
spiders,  and,  as  stated  above,  a  Chinmey  Swallow,  spitted  to  the  ahaip  thorns  <tf 
the  hooey-locust. 
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77.  Hkspekipuona  vesperttoa  (Coop.).  Bp.    EVENING  GROSBEAK.    Oeoup 
III.    Class  c. 

This  IB  a  winter  viaitant  of  somewhat  irregular  occurrence:  at  least  in  the 
Bouthem  portion  of  the  state.  During  the  winter  of  1871  it  is  said  to  have  been 
quite  conunon. 

Food:  Sends  of  tlie  poplar,  pine  and  spruce,  the  buds  of  N^undo,  and  the 
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leaves  of  various  small  plants  (Cooper).  Keys  of  the  ash-leaved  maple  (Captain 
Blakinston).  Seeds  of  pine  and  the  larvss  of  a  large  black  ant  (Brewer).  Seeds 
of  the  sugar  maple  (Dr.  Hoy). 

78.  PiNicoLA  ENUCLKATOB  (LiNN.),  V.    PINE  GROSBEAK.    Group  II. 

Class  c 

The  Pine  Grosbeak,  like  the  last  species,  is  a  winter  visitant  of  irregular  occur- 
rence. Mr.  Trippe  states^that  it  appears  in  Wisconsin  about  the  middle  of  Novem- 
ber, when  it  feeds  on  the  buds  and  seeds  of  the  alder,  birch,  etc.,  together  with 
the  seeds  of  weeds  that  abound  on  the  prairies.  During  severe  winters  they 
are  sometimes  driven  southward  in  great  numbers  into  cities  and  about  dwell- 
ings, in  quest  of  food.  During  the  winter  of  1869-70,  large  numbers  visited  the 
coast  of  Massachusetts,  and  did  considerable  damage  to  the  fruit  buds  of  the 
apple  and  pear  of  that  region. 

Food:  Buds  of  birch  and  willow  (Wilson).  Buds,  berries  and  seeds  of  pines 
(De  Kay).  Seeds  of  white  spruce  (Richardson).  Buds  of  apple  and  pear,  and 
berries  of  red  cedar  (Brewer).  Buds  of  poplar  in  the  Yukon  Territory  (Mr. 
Dall). 

79.  Cabpodacus  purpurkxjs  (Gm.),  Gray.    PURPLE  FINCH.    Geoup  L 

Classc 

This  species  is  common  during  the  migrations,  and  a  few  breed  in  the  central 
part  of  the  state.  Mr.  Nelson  speaks  of  it  as  a  winter  resident  in  Northeastern 
Illinois,  where  it  arrives  the  last  of  October.  With  us  it  makes  its  appearance 
early  in  September.  At  Ithaca,  N.  Y.,  it  is  a  common  summer  resident,  breeding 
in  and  about  the  city ;  and  there,  the  Cowbird  often  deposits  her  eggs  in  its  nest. 
Dr.  Brewer  states  that  one  season  no  less  than  seven  pairs  of  this  Finch  took  up 
their  abode  in  his  yard.  It  is,  therefore,  fast  assuming  familiarity  with  man.  As 
with  the  last  two  species,  it  is  quite  extensively  a  vegetable-feeder,  apd  the  char- 
acter of  its  food  is  such  as  to  bespeak  for  it  some  dangerous  tendencies.  It  is 
often  an  unwelcome  visitor  to  fruit-growers  in  Massachusetts,  owing  to  its  fond- 
ness for  the  blossoms  of  the  apple,  cherry,  plum  and  peach.  Mr.  Samuels  says 
that  it  is  one  of  the  few  injurious  birds  of  New  England. 

In  a  single  instance,  I  saw  one  of  these  birds,  early  in  the  spring,  feeding  upon 
the  fruit  buds  of  an  apple  tree.  It  passed  in  succession  from  one  bud  to  another, 
first  picking  the  bud  and  shucking  oS  the  coarser  scales,  eating  only  the  tender 
portion.  There  is  another  habit  which  this  bird  possesses,  which  I  hope  will  be 
found  to  more  than  compensate  for  what  injury  it  may  do.  It  is  that  of  de- 
stroying aphidsB.  June  24.  1878,  Mr.  Trelease  and  myself  observed  one  of 
these  birds  at  work  upon  one  of  the  small  elm  shade-trees  on  the  campus  of 
Cornell  University,  which  was  infested  with  a  species  of  plant-louse  that  lives  in 
colonies  of  a  hundred  or  more  on  the  underside  of  the  leaves,  causing  them  to 
curl  backward  so  as  to  completely  encase  the  plant-lice.  The  bird  would  turn 
its  head  sideways  to  the  leaf  and  thrust  its  bill  under  its  crumpled  edge  to  ex- 
tract the  lice.  We  watched  it  pass  to  several  leaves  and  rid  them  of  their  ver- 
min in  this  manner;  and  the  whole  procedure  was  so  direct  and  unhesitating  as 
to  leave  no  doubt  in  my  mind  that  the  practice  was  not  a  new  one.  It  would 
even  hang  back  downward  in  order  to  better  get  at  the  infested  leaves. 

Food:  Seeds  of  the  ironwood,  and  of  various  weeds  and  plants,  buds  of  the 
apple,  plant-lice,  and  caterpillars. 
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Seeds  of  poplar  and  button-wood  and  of  many  rank  weeds,  the  blossoms  of 
the  elm  and  the  stamens  of  the  cherry  and  apple  blossoms  (Wilson).  Buds 
and  berries  of  evergreens  in  winter,  in  summer,  insects  (De  Kay).  Buds  of 
trees,  insects,  and  the  tender  parts  of  spruce  cones  (Audubon).  Seeds,  berries 
and  buds  (Cooper). 

80.  LOXIA  CUBVIKOSTRA  Amerioana  (WiLS.),  COUES.     AMERICAN   RED 

CROSSBILL.    Group  II.    Class  a. 

During  October  and  November  of  1877  this  species  was  very  abundant  all 
along  the  Flambeau  river.  They  associated  in  flocks  of  considerable  size  and 
frequented  the  tops  of  the  tallest  trees.  Occasionally  small  troops  came  down 
among  Uie  willows  and  alders  along  the  banks  of  the  streams.  About  the  log- 
ging camps  they  are  very  familiar,  often  venturing  in-doors  when  left  open. 
In  midsunmier  of  1868  the  Crossbills  appeared  in  great  numbers  in  Western 
Maine,  and  there  proved  very  destructive  to  the  oats,  disappearing  again  as  soon 
as  the  harvest  was  over. 

Food:  Seeds  of  the  white  pine  and  of  various  plants. 

Seeds  of  coniferous  trees,  other  small  seeds,  and  sometimes  buds  of  trees 
(Cooper).  Seeds  of  pines  and  firs  (Audubon).  Seeds  of  pines,  birches,  etc. 
(T.  M.  Trippe).  Seeds  of  ooniferse  and  other  seeds  (Brewer).  Seeds  of  sun- 
flower (Hoy). 

81.  LoxiA  LEUOOPTERA,  Gm.    WHITE-WIKGED  CROSSBILL.    Gboxtp  II. 

Class  a. 

This  species,  like  the  last,  is  probably  a  regular  winter  resident  in  Northern 
Wisconsin,  but  appears  to  be  much  less  abundant.  It  scuds  about  in  small 
troops,  accompanied  by  a  few  of  the  Red  Crossbills,  and  is  also  familiar  about 
logging  camps,  where  it  comes  for  crumbs. 

Food:  Seeds  and  crumbs  gleaned  about  dwellings. 

Seeds  of  white  spruce  (Richardson).    Canker-worm  (Maynard). 

82.  uEoiOTHUs  LiNARiA  (LiNN.),  Cab.     RED-POLL  LINNET.    Group  I. 

Class  b. 

This  familiar  boreal  species  is  an  abundant  winter  resident,  and  while  here  it 
moves  about  the  fields  and  pastures  in  flocks,  gathering  such  seeds  as  it  may  find 
above  the  snow.  Mr.  Trippe  states  that,  in  Minnesota,  the  Lesser  Red-poll  ap- 
pears in  vast  numbers,  about  the  middle  of  October,  and  remains  during  the 
entire  winter. 

Food:  Seeds  of  the  common  alder  (Wilson).  Seeds  of  various  trees,  as  pine, 
birch,  linden  and  alder  (Cooper).  Seeds  of  grasses,  and  of  pine,  also  berries  and 
buds  (De  Kay).  Weed  and  grass  seeds,  and  seeds  of  white  birch  (Samuels). 
Seeds  of  birch  and  pine,  sometimes  fruit-buds  (Nuttall).  Seeds  of  birch  and 
alder.  It  also  eats  the  buds  of  trees,  and  (when  in  flocks)  proves  in  this  way 
seriously  injurious  to  young  plantations  (Selby,  Brit.  Birds).  A  maimed  speci- 
men which  Dr.  Kirtland  kept  in  his  greenhouse  fed  upon  the  aphidae  that 
infested  his  pelargoniums. 

83.  iEaiOTHUS  EXiLiPES,  CouES.    AMERICAN  MEALY  RED-POLL.    Group 

II.    Class  a. 

This  species  enjoys  a  more  northern  habitat  than  the  last,  and  is  resident  in 
Greenland.  It  is  said  to  enter  the  United  States  in  winter,  passing  as  far  south 
as  Mount  Carroll,  Illinois. 
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84.  Chrysomitris  pinus  (Baetr.),  Bp.    PINE  LINNET.    Group  I.    Class  a. 

This  species  is  quite  erratic  in  its  movements,  causing  the  time  of  its  occurrence 
and  its  abundance  to  vary  greatly.  Ordinarily  it  is  only  a  winter  resident.  A 
few  may  breed  in  the  state.  Mr.  Trippe  observed  it  in  great  numbers  in  the  fall 
in  Minnesota,  and  Mr.  Jordan  is  said  to  have  taken  it  in  midsummer  near  Indian- 
apolis. Evergreen  forests  are  its  favorite  haunts,  but  those  of  deciduous  trees, 
willow  and  alder  thickets,  fields  and  gardens  are  also  visited  by  it.  It  is  said  to 
frequent  apple  orchards,  at  times,  where  it  feeds  upon  plant-lice. 

Food:  Small  weed  and  grass  seeds. 

Black  alder  and  pine  seeds  (Wilson).  Spruce,  juniper,  alder  and  willow  seods 
(Cooper).  Pine  and  larch  seeds  (De  Kay).  Pine  seeds  (Samuels).  Berries  of 
sweet  gum  (Audubon).    Seeds  of  grasses  and  weeds  (Brewer). 

85.  AsTRAOALiNUS  TRiSTis  (LiNN.),  Cab.     AMERICAN  GOLDFINCH; 

THISTLE-BIRD.    Group  L    Class  b. 

This  elegant  little  Finch  is  one  of  our  most  abundant  birds,  and,  to  a  consid- 
erable extent,  resident  throughout  the  year.  In  its  less  showy  winter  dress, 
however,  it  is  not  so  well  known.  Its  almost  universal  distribution  through  the 
open  fields,  pastures  and  meadows,  together  with  its  tendency  to  unite  only  in 
small  flocks,  completely  counteract  the  concentrating  tendency  of  its  gregarious 
nature,  so  that,  practically,  its  effects  are  those  of  a  bird  which  is  not  grega- 
rious. Few  birds  are  more  completely  graminivorous  than  it;  but  it  feeds  so 
extensively  upon  the  seeds  of  noxious  weeds  that  the  little  grain  and  garden 
seeds  which  it  eats  are  but  a  just  compensation  for  the  service  it  renders.  No 
class  of  seeds  suit  it  so  well  as  those  of  the  Composite  Family,  which  are  readily 
hulled,  and  the  service  which  the  Thistle-bird  renders  in  destroying  the  seeds  of 
the  almost  uncontrollable  Canada  thistle,  throughout  the  Eastern  and  Middle 
States,  must  be  very  great.  With  us  it  renders  an  equal  service  by  destroying 
the  seeds  of  the  pasture  thistle,  and  those  of  other  troublesome  weeds.  Dr. 
J.  M.  Wlieaton  states  that  it  feeds  upon  the  Hessian-fly.  I  have  seen  it  feeding 
upon  the  plant-louse  mentioned  in  connection  with  the  Purple  Finch. 

Food:  Thistle,  dandelion,  burdock,  bitter- weed  and  lettuce  seeds,  seeds  of  fox- 
tail grass  (Setaria  viridisj,  and  com  cockle,  wheat,  rye,  and  clover  seed.  Seeds 
of  composite  flowers  in  summer,  and  of  cotton-wood  and  cockle-bur  in  winter 
(dkwper).  Thistle,  hemp,  lettuce  and  salad  seed  (Wils.).  Sunflower,  lettuce 
and  thistle  seeds  (De  Kay).    Seeds  of  various  weeds  and  grasses  (Samuels). 

I 

86.  Plectrophanes  nivalis  (Linn.),  Meyer.    SNOW  BUNTING;  SNOW- 
FLAKE.    Group  I.    Class  a. 

This  boreal,  eminently  terrestrial  and  gregarious  species  is  an  abundant  winter 
resident.  It  makes  its  appearance  late  in  October  and  retires  early  in  ApriL 
They  frequent  cultivated  fields  in  large  flocks,  and  feed  largely  upon  the  seeds  of 
troublesome  weeds.  Their  terrestrial  habits  preclude  their  becoming  injurious 
to  the  buds  of  trees. 
Food :  Seeds  of  black  bind- weed,  and  foxtail  grass  ("Setaria  viridiaj. 
Grass  seeds,  insects  and  small  mollusks  (De  Kay).  Seeds  of  various  wild 
plants  and  small  mollusks  (Samuels).  Larvad  obtained  on  the  houses  of  Green- 
landers  (Brewer). 
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87.  Centbophanes  lapponious  (Linn.)>  Kaup.    LAPLAND  LONGSPUR. 

Gboup  L    Class  a. 

This  species,  like  the  last,  is  a  winter  resident,  terrestrial,  and  often  occurs  in 
immense  flocks  in  stubble  and  com-flelds  in  quest  of  weed  seeds. 

Food:  Elach  of  six  specimens  examined  had  in  their  stomachs  more  than  one 
hundred  seeds  of  the  pigeon-grass  and  black  bind-weed. 

Seeds  of  grasses  and  berries  (De  Kay).    Seeds  of  Alpine  arbutus  (Richardson). 

88.  Centbophanes  fiotus  (Sw.),  Cab.     PAINTED  LARK  BUNTING. 

Gboup  L    Class  a. 

A  winter  resident  Not  common.  Terrestrial  and  gregarious.  Frequents 
cultiYated  fields  in  quest  of  seeds. 

89.  Passeboulus  sandvicensis  savana  (Wils.),  Rido.    common  SAVANNA 

SPARROW.    GboxtpL    Class  a. 

A  common  migrant  from  the  last  of  April  to  the  middle  of  May,  and  again 
throughout  September  and  the  early  part  of  October.  They  are  especially  fond 
of  the  marshy  banks  of  streams  and  low  pastures  and  meadows,  but  stubble 
and  com-flelds  are  also  visited  by  them,  and  occasionally  they  may  be  met  with 
in  hazel  and  willow  patches.    Nearly  their  whole  time  is  spent  upon  the  ground. 

Food:  Each  of  ten  specimens  examined  had  eaten  small  seeds;  one  had  eaten 
one  caterpillar,  and  one  a  moth. 

Beetles  and  seeds  of  grass  (De  Kay).    Beetles  and  seeds  (Samuels). 

90.  PooBBETES  GBAMiNEns  (Gm.),  Bd.    BAY-WINGED  BUNTING;  GRASS 

FINCH.    GBOUpb.    Class  b. 

A  Tery  abundant  summer  resident.  Arrives  early  in  April  and  remains  until 
October.  It  spends  most  of  its  time  upon  the  ground  and  feeds  to  some  extent 
upon  insects  throughout  the  season.  I  estimate  that  fully  one-third  of  its  food 
consists  of  insects,  and  the  remainder  largely  of  seeds  of  noxious  plants.  The 
specimen  mentioned  below,  which  had  eaten  two  kernels  of  wheat,  and  the  one 
which  had  eaten  a  single  kernel  of  rye,  appear  to  have  made  an  exceptional 
choice  of  food.  Especial  value  attaches  to  the  services  of  this  species  on  account 
•f  its  favorite  haunts,  which  are  cultivated  fields,  particularly  the  com  and 
grain  fields.  In  these  places  it  breeds,  and  rears  from  two  to  three  broods  each 
season,  placing  the  nest  upon  the  ground,  often  in  a  hill  of  com. 

Food:  Of  thirty-seven  specimens  examined,  thirty-one  had  eaten  various  Liiiall 
weed  seeds;  five,  four  grasshoppers;  one,  eight  grasshoppers*  eggs;  four,  .ten 
larvae;  fourteen,  twenty-seven  small  beetles;  three,  eight  moths;  one,  three  flies; 
one,  three  land  snails  fHdixJ;  one,  two  kernels  of  wheat;  and  one,  a  kernel  of 

rye. 

Insects  and  grass  seeds  (De  Kay).  Principally  seeds  of  grasses  and  other  plants 
and  a  few  insects  (Audubon). 

91.  COTUBNicuLUS  PASSERiNus  (WiLS.),  Bp.    YELLOW-WINGED  SPARROW. 

Gboup  I.    Class  a. 

In  speaking  of  this  species  Dr.  Brewer  says:  "  The  common  Tellow- winged 
Sparrow  appears  to  be  a  bird  of  irregulsu:  and  unequal  distribution,  found  in 
certain  localities  in  great  abundance  and  not  seen  in  intervening  districts."  It 
lias  not  been  my  fortune  to  meet  with  it  in  Wisconsin,  but  Dr.  Hoy  states  that 
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it  is  not  uncommon  in  the  reedy  sloughs  on  the  prairies.  Such  haunts  are 
different  from  those  usuallj  attributed  to  it  by  other  writers. 

It  appears  to  be  a  somewhat  southern  species.  Mr.  Nelson  in  referring  to  it 
says:  '*  One  of  our  most  abundant  summer  residents.  Found  everywhere  in 
fields  and  on  prairies,  from  the  middle  of  May  until  the  first  of  September."  Its 
habits  and  economic  relations  appear  to  be  very  similar  to  those  of  the  last 
species. 

Food:  Grass  seeds  and  the  larvss  of  insects  (Wilson).  Insects  and  their  larvss, 
seeds  of  grasses  and  other  plants  (De  Kay).  Larvaa,  insects,  seeds,  grasses  and 
small  weeds  (Brewer). 

92.  Ammodramus  caudacutus  Nelsomi  (Allbn).  NELSON'S  SHARP-TAILED 

FINCH.    Group  n.    Class  a. 

A  single  specimen  of  this  recently  discovered  variety  was  obtained  in  the 
marsh  on  the  border  of  Cold  Spring  Pond,  September  7,  1877,  and  identified 
by  Mr.  Ridgway,  through  the  kindness  of  Prof.  Baird.  Mr.  E.  W.  Nelson 
thinks  that  it  breeds  in  Northeastern  Illinois,  but  that  many  pass  to  the  north 
for  the  same  purpose.    Its  usual  haunts  appear  to  be  low,  wet,  reedy  marshes. 

9a  Mklospiza  Lincx>lni  (Aud.),  Bd.    LINCOLN'S   FINCH.    Group  I. 

Class  a. 

This  species  is  properly  regarded  as  a  migrant  in  Wisconsin,  although  a  few 
are  known  to  breed  in  the  state.  I  have  found  it  an  uncommon  bird,  but  Mr. 
Nelson  speaks  of  it  as  common  in  Northeastern  [Illinois  during  the  migrations. 
Two  specimens  were  taken,  September  d6th,  in  company  with  fasciata^  darting 
in  and  out  of  a  hedge  of  rank  weeds  that  grew  along  a  corn-field. 

Food:  Seeds.  One  had  eaten  five  case-bearing  caterpillars  fColeophoraJ;  one 
had  eaten  three  other  insects.  Insects  and  berries  (Audubon).  Seeds  Qb, 
Dresser). 

94.  Melospiza  palubtris  (Bartr.),  Bd.     SWAMP  SPARROW.    Group  I. 

Class  b. 

This  Sparrow  is  a  summer  resident  and  very  abundant  in  its  favorite  resorts, 
which  are  the  sedgy  and  reedy  swales  bordering  streams,  ponds  and  lakes. 
From  these  places  it  rambles  off  into  the  damp  meadows  to  feed,  but  never  far 
until  it  leaves  for  the  south.  A  few  frequent  the  open  glades  of  tamarack 
swamps.  It  is  insectivorous  throughout  the  season,  and  but  little  more  than  one- 
half  of  its  food  consists  of  seeds.  The  bird  is  especially  to  be  encouraged  be- 
cause it  frequents,  in  part,  those  haunts  where  the  troublesome  army-worm 
breeds;  and  the  three  broods  which  it  sometimes  rears  in  a  season  necessarily 
make  its  destruction  of  insects  very  great.  Audubon  states  that  it  forms  the 
principal  food  of  the  Sparrow  and  Pigeon  Hawks  and  of  the  Marsh  Harrier,  in 
certain  localities,  during  some  portions  of  the  year. 

Food:  Of  twenty  Swamp  Sparrows  examined,  two  had  eaten  two  x)arasitic 
hymenoptera  —  one  a  small  ichneumon-fly  and  the  other  a  chalcidian?;  one,  one 
moth;  six,  thirteen  beetles;  two,  two  hemiptera,  one  of  them  of  the  cicadellina, 
the  other  a  plant-louse;  two,  two  grasshoppers;  and  one,  six  snails.  Five  of  the 
caterpillars  eaten  by  two  of  the  birds  were  case-bearers  (Coleophorajy  and  one 
of  them  a  hairy  arctian.  Thirteen  of  twenty-five  had  eaten  small  seeds  of 
grasses,  sedges  and  other  plants. 
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Grass  seeds  and  aquatic  insects  (De  Kay).  Principally  grass  seeds,  wild  oats, 
and  insects  (Wilson).  Old  birds  in  the  spring,  and  the  young,  largely  insects, 
principally  coleopterous  forms.  After  the  breeding  season,  when  the  young  are 
able  to  take  care  of  themselves,  ahnost  entirely  seeds  of  coarse  grasses  and 
sedges  (Brewer). 

d5.  Melospiza  fasciata  (Gm.),  Scott.    SONG  SPARROW.    Gboup  L 

Class  b. 

No  Finch  in  Wisconsin  is  as  abundant,  and  none  of  the  summer  residents  ar- 
rive as  early  or  tarry  as  late  as  this  species.  The  borders  of  cultivated  fields, 
and  the  fringing  shrubbery  of  woodlands,  groves  and  banks  of  streams  are  its 
favorite  haunts;  from  these  it  sallies  into  the  adjoining  fields  for  food.  They 
are  particularly  fond  of  the  weedy  hedges  that  often  grow  along  neglected 
fences,  and  I  am  not  sure  but  that  these  tangles  so  irritating  to  the  thrifty  farmer 
better  be  encouraged  in  the  back  fields  rather  than  rooted  out.  Like  the 
last  species,  it  is  insectivorous  from  its  arrival  until  it  leaves,  and  two  if  not 
three  broods  are  reared  each  season.  I  have  found  the  young  unable  to  fiy  as 
late  as  September  6th. 

Food:  Of  fifty-two  specimens,  twenty-nine  had  eaten  a  few  or  many  seeds; 
one,  two  kerneb  of  wheat;  nine,  twenty-five  beetles  —  among  them  a  lady-bird 
(Coccindla  ttbialiaj,  several  ground-beetles  and  lamellicorn  beetles;  four,  five 
grasshoppers;  three,  four  grasshopper's  eggs;  one,  a  moth;  one,  two  dragon- 
flies;  one,  a  cricket;  one,  a  spider;  one,  a  millipede;  two,  four  dipterous  insects; 
one,  a  heteropterous  insect;  and  one,  small  fungi,  chiefly  insects  (De  Kay). 
Grass  seeds,  some  berries,  grasshoppers  and  other  insects,  some  of  which  it 
takes  upon  the  wing  (Audubon).  Caterpillars  and  other  larvse,  and  small  moths. 
The  canker-worm  is  a  favorite  article  of  food  (Brewer).  Seeds  of  weeds 
(Forbes). 

96.  JUNCO  HYMEMALIg  (LiNN.),  ScL.    WINTER  SNOWBIRD.    Geoup  L 

Class  a. 

A  very  abundant  migrant.  A  few  summer  in  Northern  Wisconsin.  Weed- 
grown  fields,  the  hedges  along  fences,  the  borders  of  groves  and  woods,  and 
willow,  osier  and  alder  thickets  are  its  favorite  haunts,  but  it  is  much  about 
dwellings  and  often  enters  villages.  During  their  migrations  these  birds  are 
almost  exclusively  graminivorous. 

Food:  Seeds  of  foxtail  grass,  pigweed,  and  occasionally  an  insect.  Seeds 
(Wilson).  Grass  seeds,  berries,  grains  and  insects  (De  Kay).  Small  berries, 
seeds  of  grasses,  and  other  small  plants,  insects  and  larva3  (Brewer).  Seeds  of 
weeds  (Forbes). 

97.  Spizella  monticola  (Gm.),  Bd.    TREE  SPARROW.    Group  I.    Ci.ass  b. 

But  veiy  few,  if  any,  of  this  late  migrant  remain  during  the  winter.  Late  in 
3Iarch  and  early  in  April  they  pass  us  northward.  Woods,  groves,  the  banks 
of  streams,  and  the  tall  weed  and  willow  patches  of  marshes,  are  its  usual 
haunts.  After  the  16th  of  October,  1877,  these  birds  became  very  abundant  all 
along  the  flambeau  river,  where  they  frequented  the  willow  and  alder  thickets 
in  small  troops. 

Food:  Of  fifteen  examined  all  had  eaten  small  seeds,  one  an  insect,  and  one  a 
spider.  Beetles,  hard  seeds  and  berries  (De  Kay).  Seeds  of  grasses  and  weeds 
(Samuels).  Hard  seeds,  berries,  beetles  and  moUusks  (Audubon).  Weed  seeds 
(Coues).    Beetles  (Forbes). 
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98.  Spizella  domestic  a  (Bartr.),  Coues.    CHIPPING  SPARROW;  HAIR- 

BillD.    Group  I.   Class  a. 

No  one  of  our  native  Finches  has  assumed  such  familiar  relations  with 
man  as  this  species.  It  is  constantly  about  dwellings  in  the  summer,  and 
it  even  presumes  to  place  its  nest,  at  times,  on  the  brackets  under  the  eaves  of 
the  porches,  almost  within  hand's  reach.  Its  services  are  especially  valuable 
because  it  is  so  much  on  the  ground,  where  it  and  the  Robin,  about  dwellings 
and  in  orchards  and  gardens,  are  almost  alone.  During  rainy  days  it  may  often 
be  seen  with  a  cut-worm  in  its  mouth,  and  fully  one-third  of  its  food  during  the 
summer  consists  of  insects  of  various  kinds.  So  far  as  I  know,  it  is  harmless  to 
garden  seeds  and  never  molests  grains,  while  it  feeds  much  upon  the  seeds  of 
w^eeds.  It  nests  in  orchard  trees  and  garden  shrubs,  among  the  branches  of 
which  it  obtains  a  portion  of  its  food,  and  is  often  doomed  to  become  the  foster 
parent  of  the  heartless  Cowbird.  Marauding  cats  kill  many  of  these  birds,  and, 
doubtless,  prevent  many  more  from  nesting  nearer  dwellings.  Properly  con- 
structed buildings  and  traps  should  make  cats  unnecessary. 

Food:  Of  fifty-two  specimens. examined,  twenty-seven  had  eaten  small  seeds; 
seven,  ten  caterpillars  —  among  them  a  young  Sphinx  and  three  cut-worms; 
two,  two  moths;  four,  nine  beetles;  two,  large  winged  ants;  two,  nine  small 
heteropterous  insects  —  among  them  seven  individuals  of  the  same  species  men- 
tioned under  the  Tennessee  Warbler;  three,  three  dipterous  insects;  and  two,  two 
grasshoppers. 

Small  insects  and  seeds  (De  E^ay).  Canker-worm  (Maynard).  Canker-worm 
and  other  caterpillars  and  larvae  (Brewer).  Moths,  caterpillars,  beetles,  among 
them  curcullos;  leaf -hoppers,  Reduviidss,  grasshoppers  and  weed  seeds  (Forbes). 
It  sometimes  becomes  a  prey  to  the  Sharp-shinned  and  Marsh  Hawks  and  to  the 
black  snake  (Samuels). 

99,  Spizella  agrestis  (Bartr.),  Coues.    FIELD  SPARROW.    Group  I. 

Class  a. 

Not  a  very  common  summer  resident.  The  borders  of  groves,  hazel  patches 
in  pastures,  the  borders  of  woods  and  "clearings,"  and  the  hedges  along  field- 
fences  are  its  usual  haunts;  from  these  it  makes  frequent  excursions  into  the 
adjoining  fields  for  food.  It  is  sometimes  two-brooded,  and  places  its  nest  upon 
the  ground  or  in  trees  or  bushes.  If  it  were  more  abundant  it  would  be  quite  as 
serviceable  in  the  fields  as  the  Chippy  is  about  dwellings. 

Food:  Of  seven  specimens  examined,  four  had  eaten  small  weed  seeds;  one,  a 
caterpillar;  one,  two  grasshoppers;  one,  a  very  small  heteropterous  insect;  one, 
a  harvest-man;  and  one,  a  spider.  In  the  stomachs  of  two  there  were  bits  of 
insects,  none  of  which  were  identified. 

Caterpillars,  beetles,  hemiptera  and  the  seeds  of  weeds.  Tenebrionidsd  among 
beetles  (Forbes). 

100.  Spizella  pallida  (Sw.),  Bp.     CLAY-COLORED   SPARROW. 

Group  I.    Class  b. 

Thirteen  specimens  which  answered  closely  to  descriptions  of  this  species, 
and  which  differed  markedly,  it  appeared  to  me,  from  domestica  and  agrestis,  hav- 
ing been  taken  in  Wisconsin  —  four  in  Green  Lake,  two  in  Waushara,  and  seven 
in  Jefferson  county, —  and  I  have  no  doubt  that  my  identification  has  been  cor- 
rect.   They  frequent  the  edges  of  groves  and  woods  bordering  dry  fields,  past- 
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ures  with  Bcattering  trees,  and  occarionally  they  approach  dweUings  in  company 
with  the  Chippy. 

Food:  Of  thirteen  specimens  examined,  seven  had  eaten  small  seeds;  three, 
six  beetles;  one,  a  grasshopper;  one,  larvsa;  two,  eleven  plant  lice  and  other 
small  hemipterous  insects.    Three  had  eaten  insects,  none  of  which  are  identified. 

It  feeds  upon  the  buds  of  elms  and  other  trees  in  the  spring,  in  Iowa  (P.  M. 
Trippe). 

101.  ZoNOTRiCHiA  ALBiooLLB  (GiL),  Bp.    WHITE-THROATED  SPARROW. 

Oboup  L    Class  a. 

This  species  is  a  migrant  in  the  southern  portion  of  the  state,  but  from  Wis- 
consin Valley  Junction  and  Angelica  northward  it  breeds  in  abundance.  Li  its 
summer  home  it  is  partial  to  wind-fall  tracts.  In  the  fall  they  frequent  the 
hedges  along  fences  and  other  places  where  rank  weeds  abound.  They  are 
feeding  their  young  as  late  as  July  26th,  from  which  it  may  be  inferred  that 
they  rear  two  broods  each  season.  It  feeds  mostly  upon  the  ground,  and,  until 
after  July,  its  food  is  largely  insects. 

Food:  Of  sixteen  specimens  examined,  tldrteen  had  eaten  many  or  a  few 
seeds;  one,  raspberries;  one,  a  grasshopper;  two,  four  caterpillars;  two,  four 
beetles;  and  one,  a  caddis-fly. 

Seeds  of  rank  weeds  (Wilson).  Seeds  and  insects  (De  Kay).  Seeds,  berries, 
and  insects  (Samueb).    Caterpillars  and  seeds  of  weeds  (Forbes). 

It  is  killed  by  the  Sparrow  and  Sharp-shinned  Hawks,  and  especially  by  the 
Marsh  Harrier  (Audubon). 

102.  ZONOTRICHIA  LEUCOPHRYS  (FoRST.),  Sw.   WHITE-CROWNED  SPARROW. 

GaoxTP  I.    Class  a. 

Only  a  migrant  in  Wisconsin,  so  far  as  known  at  present,  and  it  is  much  less 
numerous  than  the  last.  Its  haunts  and  habits  are  similar  to  those  of  the  last. 
Audubon  states  that  in  the  fall  it  occasionally  pursues  insects  on  the  wing. 

Food:  A  single  specimen  examined  had  eaten  weed  seeds. 

Seeds  of  weeds  (Forbes).  While  in  Labrador,  beetles,  grass  seeds,  a  variety  of 
berries,  and  small  mollusks  (Audubon). 

NoTB. —  A  single  specimen  of  var.  intermedia  of  this  species,  and  of  Z.  ooronata  and  Z.  querula^ 
Dr.  Hoy  reports  to  have  token  at  Radne. 

103.  Chondestks  qrammicus  (Say),  Bp.    LARK  FINCH.    Group  L    Class  a. 

I  have  only  met  with  this  species  at  Berlin.  There  it  arrives  early  in  May, 
and  is  quite  common.  Several  pairs  bred  on  the  ground  in  the  park  and  in  the 
school  yard.  It  is  a  terrestrial  species,  though  not  exclusively  so,  and  its  favorite 
haunts  are  the  open  prairies.  I  am  inclined  to  think  that  it  sets  off  for  the 
south  early  in  July,  for  I  have  never  seen  it  later.  Since  writing  the  above,  I 
have  found  a  species  breeding  regularly  at  River  Falls. 

Food:  Four  specimens,  taken  in  May  and  June,  had  eaten  only  small  seeds. 

Seeds  of  grasses  and  other  small  plants  (Brewer). 

104.  Pyegita  domkstica,  Cuv.     ENGLISH   SPARROW.     Group  II!. 

Class  b. 

Within  the  last  few  years  this  European  bird  has  been  introduced  into  Mil- 
waukee, and  is  rapidly  becoming  abundant  in  many  of  the  towns  and  cities  in 
the  foathom  part  of  the  stateb 
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Without  reviewing  the  flood  of  literature  that  has  appeared  during  the  past 
ten  or  fifteen  years  relating  to  the  usefulness  of  this  species,  it  will  be  sufficient 
to  say  that  I  believe  it  to  be  a  bird  for  which  we  have  no  present  need,  and  that 
it  is  positively  in  the  way  of  a  score  of  more  useful  species.  The  bird  has  very 
few  of  those  qualifications,  indeed,  which  are  combined  in  good  insect  destroy- 
ers, while  it  has  many  traits  that  are  positively  vicious.  One  Chipping  Sparrow 
is  worth  two  score  of  these  imported  gamins. 

105.  Passerella  niACA  (Merr.),  Sw.    FOX-COLORED  SPARROW. 

Group  I.    Class  a. 

This  elegant  si)ecies  is  not  a  very  common  migrant.  It  passes  us  in  the  fall 
between  the  last  of  September  and  the  first  of  November.  During  this  time  it 
frequents  old  **  clearings,"  hazel  and  briar  patches,  and  the  rank  weeds  that 
grow  along  neglected  fences.  It  is  terrestrial  in  its  habits,  and  obtains  much  of 
its  food  by  scratching  upon  the  ground  among  fallen  leaves.  One  of  these  birds 
which  was  taken  in  a  hazel  thicket  adjoining  a  wheat  field  in  October,  had  its 
stomach  distended  with  chinch-bugs.  These  pests  had  doubtless  crawled  in 
among  the  fallen  leaves  to  hibernate;  and  the  fact  shows  that  a  bird  which 
never  visits  cultivated  fields,  and  which  is  only  a  migrant,  may  nevertheless  be 
directly  beneficial  to  agricultural  interests.  It  shows,  also,  that  such  birds 
should  be  protected,  if  possible,  in  their  building  haunts  and  in  their  southern 
homes. 

Food:  Three  out  of  four  specimens  examined  had  in  their  stomachs  nothing 
but  small  seeds  of  various  kinds;  the  other  had  in  its  stomach  more  than  fifty 
chinch-bugs. 

Grass  seeds  and  eggs  of  insects  (Wilson).  Seeds  and  insects  (De  E^y).  Seeds 
and  insects  (Samuels).  Hymenoptera,  long-horn  beetles,  hemiptera  and  spiders 
(Forbes). 

106.  Spiza  Americana  (Gm.),  Bp.    BLACK-THROATED  BUNTING. 

Group  I.    Class  a. 

It  has  been  my  experience  to  find  this  an  uncommon  bird  in  Wisconsin.  It  is, 
at  least,  rare  in  places  where  it  might  be  expected  to  occur  in  abundance.  It 
has  been  taken  in  the  spring  at  Whitewater  aud  I  have  seen  it  in  May  at  Berlin. 

It  breeds  at  Racine;  and  in  Northeastern  Illinois  it  is  said  to  be  common  in 
some  places  and  abundant  in  others.  It  is  terrestrial  in  its  habits  and  frequents 
orchards  and  cultivated  fields,  nesting  in  both  situations.  It  is  appcu^ntly  a  bird 
which  we  could  wish  to  have  much  more  abundant. 

Food:  Caterpillars,  beetles,  canker-worms  and  other  destructive  insects 
(De  Kay). 

Prof.  Forbes,  in  his  report  on  **  Birds  and  Canker-worms,"  says  of  this  spe- 
cies: *'  This  was  the  most  common  bird  in  the  orchard,  and  it  was  undoubtedly 
destroying  great  numbers  of  the  worms.  Again  and  again  they  were  observed 
busily  searching  the  leaves  and  apparently  taking  every  worm  as  they  went. 
.  .  .  Eleven  specimens  were  obtained,  eight  of  which  had  eaten  canker- 
worms,  which  made  about  half  of  the  food  of  the  whole  number.  Other  meas- 
uring worms  were  five  per  cent.,  cut- worms  seventeen  per  cent.,  coleoptera  nine 
per  cent,  (about  one-third  of  them  Carabidffi),  and  snails  seven  per  cent.  A  wild 
bee,  an  ant  or  two,  a  few  scavenger  beetles,  corculios  and  seeds  of  pigeon-grass 
were  also  found." 
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107.  Zamelodia  LUDOviCTAyA  (Lnm.),  Coues.    ROSE-BREASTED  GROS- 
BEAK.   Gboup  I.    Class  b. 

The  Rose-breasted  Grosbeak  is  a  summer  resident,  but  nowhere  abundant,  nor 
is  it  uniformly  distributed  throughout  the  state  in  apparently  suitable  localities. 
Its  favorite  resorts  are  the  thickly  wooded  banks  of  streams,  willow  and  alder 
thickets  and  high  open  woods.  Groves  and  the  shade-trees  along  roadsides  are 
also  visited  by  it.  Prof.  F.  W.  Bundy  writes  me  that  they  often  visit  the  potato 
patches  in  the  vicinity  of  Sauk  City  in  quest  of  potato  beetles;  and  my  friend 
F.  H.  Severance  informs  me  that  it  is  of  frequent  occurrence  among  the  shade- 
trees  on  the  college  campus  at  Galesburg,  Illinois. 

Dr.  Bachman,  quoted  by  Audubon,  makes  the  following  notes  concerning  the 
f<^  of  one  of  these  birds  which  he  kept  in  confinement  three  years:  **  It  fed 
readily  on  various  kinds  of  food,  but  preferred  Indian  meal  and  hemp  seed.  It 
was  also  very  fond  of  insects,  and  ate  grasshoppers  and  crickets  with  a  peculiar 
relish.  It  watched  the  flies  with  great  apparent  interest,  and  often  snatched  at 
and  secured  the  wasps  that  ventured  within  its  cage." 

Food:  Of  eight  specimens  examined,  six  had  eaten  small  seeds;  two,  seven 
beetles;  and  one,  berries.  Two  had  in  their  stomachs  only  finely  conmiinuted 
vegetable  material. 

Berries  of  sour  gum  (Wilson).  Sometimes  buds  of  trees  (Cooper).  Grain, 
berries  and  insects  (De  Kay).  Seeds  of  birch  and  alder,  berries,  buds  and  in- 
sects (Samuels).  Tender  buds  of  trees  (Audubon).  Potato-beetle  (F.  W.  Bundy). 
Potato-beetle  (H.  H.  Mapes,  Am.  Naturalist).  Canker-worms,  army-worms  and 
other  caterpillars,  wood-boring,  leaf -chafing  and  snout  beetles,  also  hymenoptera 
and  the  seeds  of  weeds  (Forbes). 

108.  Passebina  ctanea  (Linn.),  Gray.    INDIGO  BIRD.    Group  I.    Class  a. 

This  little  Finch  is  an  abundant  summer  resident  in  some  portions  of  the  state, 
while  in  other  portions,  apparently  equally  well  suited  to  their  tastes,  only  occa- 
sional pairs  are  seen.  In  Waupaca  county,  in  July,  1876,  it  was  one  of  the  most 
abundant  species,  frequenting  the  borders  of  the  fields  in  loose  flocks.  Its  usual 
summer  resorts  are  the  borders  of  cultivated  fields  adjoining  woods  and  groves. 
Willow  and  osier  thickets,  roadsides  and  pastures  are  also  visited  by  them 
during  the  migrations. 

Food:  Of  nineteen  specimens  examined,  eighteen  had  eaten  seeds  of  various 
weeds;  one,  two  caterpillars:  one,  a  grasshopper;  one,  two  beetles;  one,  rasp- 
berries; and  one,  elder  berries.  Two  had  eaten  insects,  none  of  which  were 
identified. 

Caterpillars,  worms,  grasshoppers  and  seeds  (De  Kay).  Small  seeds  of  various 
kinds,  as  weU  as  insects,  some  of  which  are  taken  on  the  wing  (Audubon).  Canker- 
worms  and  other  caterpillars,  spring-beetles,  vine-chafers  and  curculios,  hemip- 
tera  and  seeds  of  weeds  (Forbes)'. 

109.  Cardinalis  Virginianas,  Bp.     CARDINAL  GROSBEAK.     Group  II. 

Class  a. 

This  gaudily  attired  songster,  so  highly  prized  both  in  this  country  and  in 
Europe  as  a  cage  bird,  is  a  southern  species,  and  in  this  latitude  it  only  occurs 
as  a  straggler  at  long  and  irregular  intervals.  Dr.  Hoy  reports  that  a  few 
stragglers  breed  near  Racine. 

Food:  Indian  corn  is  its  favorite  article  of  food  (Brewer).  Fruits,  berries, 
Indian  com  and  seeds  (De  Kay). 
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HO.  PIPIW  ERrrHBOPHTHAUCCB  (Lms.),  ViFiix.  GROUND  BOBIN;  CHE- 
WINE.    Grouf  I.  Cu^sa  b. 

This  retiring  aad  pecaliarly  terrestial  epecies,  thongh  a  common  stunmer  reel- 
dent,  ia  not  BB  abundant  ae  its  two  broods  should  tend  to  make  it.  Doubtless 
some  fatal  enemj  holds  it  in  check.  Oroves,  thickets  and  woods  crowded  with 
underbrusb,  in  upland  situations,  are  ita  favorite  haunts.  From  these  reeorts  it 
onlj  makes  occasional  visits  into  the  adjoining  fields  or  gardens,  if  near  at 
hand.  It  is  a  large,  strong  bird,  and  capable  of  doing  great  mischief  to  the 
insects  tltat  infest  its  haunts. 

Food;  Of  seventeen  specimens  examined,  five  had  eaten  small  seeds;  one, 
wheat;  one,  oats;  one,  raspberries;  one,  seven  moths;  three,  nine  beetles;  one, 
ants;  one,  a  wasp;  one,  an  ichneumon;  two,  three  grasshoppers;  two,  two  cock- 
roaches; one,  a  walking'Stick  CSpectrwm  femoratumj,  and  four  of  its  ^gs;  and 
one,  a  larve. 

Worms,  beetles,  and  eggs  of  insects  fWilaon).  Earth-worms,  wire-worms, 
and  the  larvse  of  insects  (Be  Eaj).  Worms,  insects  and  seeds  (Samuels). 
Beetles  and  seeds  of  weeds  (Foibee). 

XoTi.— The  following  Is  roundusfoot-Dole  In  Birds  of  Nort))e(uteni  DUoala: 

"  Througb  Dr.  Hoy  I  teorn  that  two  ipedmena  of  P.  arcNnu  hkn  been  t&kcn  In  Wloconsln,  ooe 

near  UUwiiuliee.  where  It  ia  now  preaerred.  and  a,  aacond  opposite  Dubuqoa,  Iowa.    He  baa  nen 

bolli  (paclnien*  and  U  podtlve  of  their  fdsnUlT." 
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111.  DouoHOim  0BTZIT0BD8  (Lacs.),  Sw.  BOBOLINK;  BGED-BISD;  RICR- 
BIRD.   Qaovr  L    Class  b. 

Prom  the  first  till  the  middle  of  Hay  these  northward-moring  oight-travelen 
are  spirited  into  our  meadows  oat  of  the  impending  darkuees,  some  to  selacst 
summer  homea,  but  mwij  more  to  feed  and  leetand  then  hmr^  to  theSaakatoh- 
ewan  countrf,  as  if  atudous  to  cut  short  the  time  wben  they  may  return  to  the 
sunny  south;  and  true  to  their  instincts,  early  In  August  they  come  trooping 
back,  and,  joined  by  those  who  have  bred  by  the  way,  they  are  all  off  by  the 
middle  of  the  month. 

These  birds  confine  themselTes,  until  after  the  breeding  season,  almost  exclu- 
sively to  meadows,  frequenting  both  the  wet  and  the  dry.  Such  haunts  as  these 
and  their  insectivorous  habits  place  them  among  our  most  valuable  birds.  The 
occasional  and  brief  visits  which  these  birds  make  to  graia-flelds,  in  August, 
result  in  bo  trifling  an  injury  that  it  should  bo  entirely  overlooked  in  view  of  the 
greAt  service  they  render  in  the  meadows. 

It  is  greatly  to  the  loss  of  the  Northern  States  that  bo  many  of  these  birds  are 
destroyed  in  the  South,  where  their  destruction  to  the  rice  crop  is  very  great. 
But  before  we  can  coneistently  ask  our  Southern  friends  to  stay  this  destruction, 
we  must  know  more  definitely  than  we  do  now  what  injury  and  what  service 
the  Bobolink  renders  to  them,  and  what  its  economy  is  farther  south  where  it 
spends  the  winter;  we  must  know,  too,  what  proportion  of  those  which  are  per- 
mitted to  come  back  may  be  induced  to  breed  with  us  in  preference  to  passing 
on  to  the  north  of  the  United  States. 

Dr.  Brewer  states  that  more  recently  it  has  been  ascertained  that  these  birds 
feed  greedily  upon  the  larvae  of  the  destructive  cotton-worm,  and  that  in  so 
doing  render  an  immense  service  to  the  cultivators  of  Sea  Island  cotton.  What 
has  been  said  in  the  Introduction  in  regard  to  the  army-worm  should  be  called 
to  mind  in  this  connection. 

Food:  Of  thirteen  specimens  examined,  one  had  eaten  caterpillars;  three 
others,  larvee,  probably  caterpillars;  three,  seven  beetles,  among  them  two 
lameUicorns  and  one  elater;  three,  six  dipterous  insects,  among  them  four  Uu- 
cid»;  four,  seven  grasshoppers;  one,  a  cricket;  one,  ten  grasshoppers'  eggs;  one. 
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a  moth;  one,  a  dragon-fly;  one,  wheat;  three,  oats;  and  one,  grass  seeds.    The 
stomachs  of  two  specimens  contained  insects,  none  of  which  were  identified. 

Grubs,  caterpillars,  may-flies  and  other  insects,  green  com,  wheat,  barley  and 
wild  oats  (Wilson).  Crickets,  grasshoppers,  beetl^,  spiders  and  seeds  of  various 
kinds  (De  Kay).  Crickets,  grasshoppers,  beetles,  spiddHs  and  various  grass-seeds 
(Samuels).  Cotton-worm  (Brewer).  Canker-worm  (Maynard).  Hymenoptera, 
caterpillars,  leaf-chafers,  curculios  and  seeds  of  weeds  (Forbes). 

112.  MoLOTHBUS  ATEB  (BoDD.),  Grax.    COWBIRD.    Group  III.    Class  b. 

This  species  reaches  us  early  in' the  spring,  and,  like  the  Bobolink,  disappears 
in  August.  I  have  never  seen  it  later  than  the  9th  of  this  month.  "  A  strange 
point  in  the  history  of  this  species  is  its  unexplained  disappearance,  generally 
in  July,  from  numy  or  most  localities  in  which  it  breeds.  Where  it  goes  and 
for  what  purpose  are  unknown."  In  the  spring  they  are  often  about  stock-yards 
in  quest  of  com  and  seeds.  Later  they  frequent  pastures,  keeping  close  to  the 
cattle  and  horses,  apparently  for  the  purpose  of  obtaining  the  insects  that  are 
startled  by  the  grazing  herd.  They  axe  said  also  to  feed  upon  the  parasites  that 
infest  cattle. 

Whatever  speculations  maj^be  indulged  as  to  the  origin  of  the  strange  para- 
sitism of  the  Cowbird,  we  must  always  regret  that  so  pernicious  a  trait  should 
have  been  engrafted  upon  bird-nature.  Why  the  Cowbird  should  not  incubate 
her  own  eggs  does  not  appear  in  her  structure;  but  that  she  generally  deposits 
them  where  the  foundlings  will  receive  unstinted  care  is  attested  by  the  obser- 
vations of  many.  Did  not  the  adventitious  fledglings  result  sooner  or  later  in 
the  destruction  of  the  rightful  young,  we  might  deal  more  leniently  with  this 
species.  As  it  is,  on  grounds  of  economy,  and  in  view  of  the  scant  abundance 
of  insectivorous  birds  in  agricultural  districts,  thepowbird  merits  no  protection. 
Nearly  every  species  which  rears  tbjg  young  of  this  parasite  is  as  useful  as  itself, 
but  in  most  instances,  if  not  all,  a  single  Bunting  supplants  a  brood  of  from 
three  to  five  individuals.  Where  a  pair  of  Vireos,  for  instance,  might  have 
reared  four  or  five  young  birds  ofjheir  kind,  tlieir  energies  have  been  devoted  to 
a  single  Bunting. 

The  following  are  some  of  the  birds  that  are  known  to  act  as  foster  parents  to 
this  species:  Turdus  mustelinus,  T,  fusceacenSj  MinntotUta  varta,  PolioptU 
ecerulia,  HdmintJwpliaga  rujicapilla,  Dendroeca  CRstiva,  D,  virens,  D,  Black- 
bumuBy  D,  diacoloTj  D,  Pennsylvanica,  Oeothlypia  triehas,  Siurua  aurooa- 
piUus,  Setophaga  ruticUlaf  Passerina  cyanea,  Vireo  olivaceus^  V.  8oUtariti8f  V, 
gUvtis,  V,  noveboracensis,  V,  fiavifronSt  Sayiomia  fu8cu8,  Empidonax  minimus^ 
Contopus  virensy  Stumdla  magna,  Harporhynchua  rufus^  SpizeUa  domesticus 
and  PipUo  erythrophthalmus.  It  has  been  stated  on  a  previous  page  that  seven  out 
of  fourteen  Pewees'  ("S.  fuscusj  nests  visited  at  Ithaca,  N.  Y.,  in  the  spring  of 
1878,  contained  either  the  eggs  or  the  young  of  the  Cowbird.  From  this  fact 
it  appears  that  instead  of  twenty-eight  or  thirty-five  Pewees  which  might  have 
been  reared  in  the  seven  nests,  only  seven  Cowbirds  could  have  taken  their 
place  as  insect  destroyers.  Such  is  the  check  which  this  bird  imposes  upon  the 
Pewee  at  Ithaca.  If,  as  is  generally  believed,  each  existing  Bunting  represents 
a  brood  of  young  birds  whose  birth  has  been  prevented,  it  is  doubtless  within 
the  bounds  of  truth  to  assert  that  the  number  of  Cowbirds  existing  at  any  time 
represents  a  deficiency  in  the  bird  population  of  the  country  of  three  times  their 
number;  and  as  the  nests  in  which  this  parasite  usually  deposits  her  eggs  are 
those  of  the  most  exclusively  insectivorous  species  we  have,  it  is  evident  that 
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the  Cowbird  must  prevent  the  destruction  of  many  more  insects  than  it  is  possi- 
ble for  it  to  destroy.  This  is  the  more  to  be  lamented  since  the  Bunting  has 
become  so  thoroughly  accustomed  to  agrieultural  districts,  where  there  are  so 
many  conditions  which  react  against  purely  insectivorous  birds,  and  where, 
more  than  anywhere  else,  the  services  of  these  birds  are  especially  needed. 

It  should  be  added  in  this  connection,  that,  so  far  as  is  known  at  present,  the 
tendency  of  the  Cowbird  to  prevent  an  undesirable  abundance  of  birds  is  in  a 
direction  where  there  is  the  least  danger.  It  appears  wholly  improbable  that 
purely  insectivorous  birds  can,  under  any  circumstances,  become  over  abundant, 
unless  it  be  some  forms  which  may  be  proved  to  feed  largely  upon  beneficial 
insects.  If  there  can  be  danger  of  any  insect-eating  bird,  which  is  not  destruc- 
tive to  other  birds,  becoming  too  numerous,  it  must  be  mainly  among  those 
which,  like  many  of  the  Finches  and  Starlings,  can  subsist  upon  seeds,  grains 
and  fruits  when  insects  are  scarce.  As  the  Cowbird  does  not  appear  to  affect, 
in  any  marked  degree,  these  birds,  it  is  likely  to  prove  to  be  less  serviceable,  in 
this  direction,  than  either  the  Shrikes,  Crows,  Owls  or  Hawks.  While  it  cannot 
be  deemed  safe,  in  the  light  of  present  knowledge,  to  extirpate  this  species,  it 
should  be  subjected  to  very  careful  observation,  with  a  view  to  ascertaining,  if 
possible,  its  actual  influence  over  the  abundance  of  other  birds,  and  then,  if 
this  method  should  prove  to  be  inconclusive,  it  should  be  nearly  exterminated 
from  some  wide  and  suitable  north-and-south  belt  for  a  series  of  years,  and  the 
results  carefully  noted  by  competent  observers.  In  this  way  it  may  be  hoped 
that  reliable  results  may  be  obtained  upon  which  future  action  may  be  safely 
based. 

Food:  Of  seven  specimens  examined,  one  had  nothing  in  its  stomach;  one  had 
eaten  a  hornet;  two,  three  moths;  one,  a  caterpillar;  three,  nine  dipterous  in- 
sects; one,  three  grasshoppers;  one,  a  cricket;  two,  four  beetles  —  one  of  them 
an  elater;  one,  thirty  eggs,  probably  those  of  a  moth  which  had  been  eaten; 
two,  seeds;  and  one,  wheat. 

One  bird  taken  from  the  nest  of  a  Pewee  had  in  its  stomach  a  hornet,  a  cricket, 
five  files,  one  caterpillar  and  two  moths.  Another  taken  from  a  Pewee's 
nest  had  been  fed  one  elater,  one  moth,  and  two  files.  It  was  this  specimen 
which  contained  the  thirty  insect  eggs. 

Com,  rice  and  various  species  of  intestinal  worms  (Wilson).  Insects  (Cooper). 
Intestinal  worms  (Audubon).  Flies,  grubs,  beetles,  etc.  At  times  it  visits  corn- 
fields (T.  M.  Trippe,  Am.  Nat.,  Vol.  Ill,  p.  294).  Moths,  caterpillars,  beetles, 
hemiptera,  spiders  and  seeds  of  weeds  (Forbes). 

113.  Agel^:us   phceniceus  (Linn.),  Vieill.     RED-WINGED   BLACKBIRD. 

Group  I.    Class  b. 

In  suitable  localities  no  bird  is  as  abundant  as  this  species,  and  none  as  gre- 
garious. All  are  familiar  with  Blackbird-concerts  in  the  spring  and  with  the 
clouds  of  Redwings  which  scud  across  the  fields  in  the  fall.  Late  in  May  or  early 
in  June  these  birds  disband  and  repair  to  wet  meadows  or  to  the  sloughs  border- 
ing streams,  ponds  and  lakes,  and  these  places,  together  with  the  high  lands  im- 
mediately adjoining  them,  are  their  feeding-grounds  during  June  and  July. 
Until  after  July  —  nearly  four  months  —  these  birds  feed  almost  exclusively  upon 
insects  and  lead  lives  of  nearly  unalloyed  usefulness.  They  breed,  it  should  be 
remembered,  in  the  native  haunts  of  the  army-worm,  and  it  is  presumable  that 
they  exert  a  great  influence  in  holding  them  in  check.  Most  of  the  corn-pulling 
which  is  attributable  to  the  Blackbirds  is  done  by  the  Purple  Grackle,  at  least 
this  has  been  my  observation. 
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It  is  only  late  in  August  or  early  in  September  that  these  birds  do  ahy  consid- 
erable damage,  and  then  only  in  localities  not  far  removed  from  their  breeding 
grounds,  for,  as  is  well  known,  they  return  to  the  wet^  reedy  swamps  to  roost  at 
night.  After  the  corn  has  passed  through  the  milk  state  and  become  hard  and 
firm  on  the  cob,  the  Redwings  trouble  it  but  little.  The}'  do  not  appear  to  be 
able  to  remove  the  kernels.  They  continue  to  visit  the  corn  and  stubble-fields, 
but  it  is  for  the  purpose  of  obtaining  the  seeds  of  weeds  and  insects.  Even 
while  com  is  in  the  milk  state,  the  birds  which  visit  the  corn-fields  appear  to 
feed  more  upon  the  seeds  of  weeds  than  upon  com.  All  but  five  of  the  eighty- 
four  specimens  whose  food  is  given  below  were  taken  between  August  9th  and 
September  20th,  and  the  majority  of  these  either  while  they  were  in  the  corn- 
fields or  just  as  they  were  returning  from  them.  By  examining  that  list  it  will 
be  seen  that  more  than  two-fifths  of  them  had  eaten  no  corn  at  all,  while  less 
than  one-tenth  had  eaten  only  corn.  Were  the  little  injury  which  this  species 
does  evenly  distributed  over  the  country,  instead  of  being  localized  about  its 
breeding  haunts  and  roosting  places,  I  am  convinced  that  it  would  never  be  felt. 

Food:  Of  eighty-four  specimens  examined,  thirty-seven  had  eaten  com  and 
seeds  of  various  weeds;  thirty-one  had  eaten  only  seeds;  seven  had  eaten  only 
com;  three,  rye;  two,  oats;  eight,  wheat;  two,  tender  herbage;  five,  seven 
beetles;  four,  seven  grasshoppers;  one,  a  moth;  and  one,  a  caterpillar.  In  the 
stomachs  of  two  birds  there  were  bits  of  insects  none  of  which  were  identified. 
Eight  had  eaten  small  moUusks;  and  one,  berries. 

The  gleanings  of  old  rice,  buckwheat  and  com  fields  in  the  fall  and  winter, 
and  grub- worms,  caterpillars,  and  other  larvae  in  the  spring  (Wilson).  Canker- 
worms  (Maynard).  Caterpillars,  beetles,  spiders,  wheat  and  seeds  of  weeds 
(Forbes). 

114.  ZAirraocEPHALus  ictebooephalus  (Bp.),  bd.  Yellow-headed 

BLACKBIRD.    GroxtpL    Class  b. 

This  species  is  not  very  common  except  in  certain  localities.  Its  haunts  are 
similar  to  those  of  the  Red-tvinged  Blackbird,  with  which  it  often  associates  in 
the  falL  It  breeds,  as  a  rule,  farther  out  in  the  marshes  about  lakes  and  ponds, 
and  until  fall  confines  itself  quite  closely  to  those  localities.  In  its  economic 
relations  it  differs  from  the  last  species  only  in  degree  —  it  being  a  larger  and 
stronger  bird  and  thus  better  able  to  do  mischief  in  the  fall,  while  its  retiring 
habits  render  it  less  Serviceable  during  the  summer. 

Food;  Of  three  specimens  examined,  one  had  eaten  only  com;  one,  corn  and 
the  seeds  of  black  bind- weed;  and  one,  only  six  beetles. 

In  E^ansas,  these  birds  render  great  service  to  farmers  by  destroying  the 
swarms  of  young  grasshoppers  (L  M.  McLaughlin,  Am.  Nat.,  U,  p.  493). 

115.  Stdknella  magna  (Linn.),  Sw.    MEADOW  LARK;   FIELD  LARK. 

Group  I.    Class  b. 

The  sweet- voiced  Meadow  Lark  is  one  of  our  most  useful  birds,  and  yet  few  are 
persecuted  more  than  it.  Every  sportsman  —  and  they  are  many  —  must  learn 
to  shoot  on  the  wing,  and  invariably  this  bird  is  doomed  to  be  their  target.  What 
is  even  worse,  boys  from  the  towns  are  permitted  to  stroll  through  the  fields, 
shooting,  in  their  recklessness,  almost  any  bird  they  meet.  Farmers  must  stop 
all  of  this  if  they  would  have  birds  do  effective  work  in  protecting  their  crops. 
The  Meadow  Lark  is  almost  exclusively  insectivorous  and  nearly  one-half  of  its 
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food  consists  of  grasshoppers.  It  is  always  in  the  open  meadows  and  pastures 
where  other  birds  are  few,  and  its  large  size  would  enable  it  to  render  an  im- 
mense service  if  it  were  permitted  to  become  more  abundant.  Its  flesh  is  sweet, 
but  its  natural  enemies  are  too  numerous,  its  nesting  places  too  exposed,  and  its 
usefulness  in  destroying  insects  too  great  to  justify  its  sacrifice  to  the  taste  of  the 
epicure.  In  the  south  it  is  accused  of  puUing  rye  and  wheat,  but  the  only  injury 
which  I  know  of  its  doing  in  Wisconsin  is  its  destruction  of  some  of  the  ground 
and  tiger-beetles. 

Food:  Of  twenty-one  specimens  examined,  twelve  had  eaten  forty  beetled  — 
among  them  a  may-beetle;  one,  a  weevil;  eight,  ground-beetles;  and  one,  a  tiger- 
beetle;  eleven,  nineteen  grasshoppers;  four,  seven  caterpillars;  and  three,  four 
other  larvae.  Among  the  caterpillars  a  hairy  form.  Two,  two  small  moths; 
one,  a  small  dragon-fly;  and  one,  a  single  thistle-seed. 

Insects,  grub-worms,  caterpillars  and  grass  seeds  (Wilson).  Seeds  and  yarioiis 
insects  (De  Kay).  Beetles  and  various  other  insec.ts,  and  grass  seeds  (Nuttall). 
Caterpillars,  beetles — among  them  ground-beetles,  one  of  the  Silphidae,  flower- 
beetles  and  plant-beetles;  grasshoppers,  myriapods  and  com  (Forbes). 

116.  Sturnslul  magna  neolecta  (Aud.),  All.    W£STERN  MEADOW 

LARK.    Gboup  IL    Class  a. 

This  variety  is  reported  by  Dr.  Hoy  as  occurring  occasionally  near  Racine,  and 
as  it  occurs  commonly  in  Iowa  it  may  be  expected  to  occur  occasionally  in  the 
western  part  of  the  state.  Since  writing  the  above  I  have  found  it  oa  Hudson 
Prairie,  St.  Croix  county,  where  it  breeds. 

117.  Icterus  sfurius  (Linn.),  Bp.    ORCHARD  ORIOLE;  CHESTNUT  HANG- 

•  NEST.    Geoup  L    Class  a. 

Mr.  Nelson  gives  this  species  as  a  rather  common  summer  resident  in  North- 
eastern Illinois,  and  it  has  been  so  reported  by  Dr.  Hoy  from  Racine.  It  is  cer- 
tainly a  rare  bird  in  Central  Wisconsin.  As  its  name  implies,  it  is  partial  to 
orchards,  is  almost  wholly  insectivorous,  and  has  not  been  known  to  molest  any 
of  the  products  of  husbandry.  Its  southern  habitat,  however,  excludes  it  from 
the  state  at  large. 

118.  Icterus  oalbula  (Linn.),  Coues.    BALTIMORE  ORIOLE;  GOLDEV 

ROBIN;  HANGNEST.    Group  L    Class' b. 

This  energetic  and  brilliantly  attired  vocalist  and  its  ingenious  hanging  nest 
are  familiar  objects  to  all.  Shady  villages,  orchards,  and  the  vicinity  of  dwell- 
ings where  trees  abound  are  its  favorite  haunts,  but  groves  and  the  borders  of 
woodlands  also  offer  it  special  attractions.  In  Norw  England  it  is  accused  of 
feeding  upon  the  esculent  pods  of  pea-vines;  and  hoiticulturists  complain  that 
it  feasts  upon  their  berries,  grapes  and  cherries  —  destroying  at  times  more  than 
it  eats,  by  biting  into  the  fruit.  For  these  misdemeanors  it  has  been  consigned 
to  extirpation;  and  yet,  it  would  be  equally  consistent  and  generous  to  discharge 
a  faithful  servant  for  eating  a  few  of  the  fruits  he  tends. 

The  Golden  Oriole  appears  to  be  very  fond  of  caterpillars  of  various  kinds, 
and  what  is  still  more  in  its  favor,  it  feeds  extensively  upon  some  forms  which 
are  either  not  relished  by  other  birds  or  are  protected  in  some  way  from  them. 
Prof.  J.  H.  Comstock  informs  me  that  he  has  seen  it  thrust  its  head  through  the 
web  of  the  tent-caterpillar  and  remove  the  inmates.     An  instance  which  came 
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under  my  own  observation  shows  how  destructive  they  are  to  those  leaf -rollers 
which  tie  themselves  up  so  securely  in  the  leaves  of  various  trees  and  shrubs. 
While  walking  through  a  dense  grove  of  young  oaks,  my  attention  was  attracted 
by  a  loud  noise  of  tearing  leaves.  On  approaching  the  spot  a  family  of  Orioles 
flew  to  a  large  tree  near  by,  and  the  noise  ceased.  In  the  stomach  of  one  of 
these  birds  were  found  twenty  of  the  leaf -rolling  larvae,  which  were  very  com- 
mon at  the  time  on  the  red  oak.  The  strong  beak  of  this  bird  fits  it  well  for 
tearing  open  the  firm  cases  which  enclose  these  pests.  It  may  be  seen  searching 
in  the  comers  of  the  guards  about  shade-trees  for  chrysalids,  and  it  often  resorts 
to  clover  and  grass-fields  for  insects. 

Food:  Of  eight  specimens  examined,  six  had  eaten  three,  twenty-five,  fifteen, 
four,  two,  and  one  caterpillars  respectively.  Three  had  eaten  seven  beetles;  and 
two,  two  snails.  Twenty-five  of  the  caterpillars  were  leaf -rollers,  and  seven  of 
them  the  larvae  of  a  species  of  Vanessa, 

Caterpillars,  biigs  and  beetles,  particularly  one  of  a  brilliant  metallic  green 
color  (Wilson).  Of  three  specimens  examined  by  Prof.  Forbes  three  had  eaten 
caterpillars;  one,  beetles;  and  two,  blackberries.  Flies,  beetles  and  caterpillars 
(De  Kay).  Smooth  and  hairy  caterpillars,  and  other  injurious  insects,  particu- 
larly the  tent-caterpillar  (Samuels).  Caterpillars  and  green  beetles  (Audubon). 
Canker-worms  (Maynard).  Canker-worm,  tent-caterpillar  and  green  peas 
(Brewer).  Tent-caterpillar  (Prof.  J.  H.  Comstock).  According  to  Harris  it  is 
said  to  eat  the  pea- weevil  and  to  knock  open  the  pod  to  get  the  grub  in  the  green 
pea.    Tent-caterpillar  (Le  Baron). 

119.  SooLECX)PHAOUs  FERRUOINBUS  (CoM.),  Sw.   RUSTY  6RACKLE.   Group  I. 

Class  a. 

This  species  is  mainly  a  migrant  in  Wisconsin.  It  occurs  as  late  as  May 
16th  at  Berlin,  and  I  have  never  obtained  it  in  the  fall  earlier  than  the  first  of 
October;  it  is  said,  however,  to  pass  through  Illinois  from  September  to  the 
middle  of  November.  It  leaves  too  early  in  the  spring  and  returns  too  late  in 
the  fall  to  do  any  injury  to  com. 

Food:  Of  five  specimens  examined,  three  had  eaten  seven  beetles  —  among 
them  three  aquatic  species;  one,  moths;  one,  two  small  mollusks;  and  two,  small 
seeds. 

Com,  principally,  in  October  (Wilson).  Grubs,  beetles,  moths  and  grains  of 
various  kinds  (De  Kay).  Grasshoppers,  caterpillars  and  other  injurious  insects, 
worms,  crustaceans,  various  weed  seeds,  and  grains  left  in  the  fields  (Samuels). 

120.  ScoL£CX)PHAOUS  CTANOCEPHALUS  (Waol.),  Cab.  BLUE-HEADED  BLACK- 

BIRD; BREWER'S  GRACKLE.    Group  L    Class  a. 

This  species  is  met  with  very  rarely  in  the  eastern  portion  of  the  state,  but  as 
it  occurs  regularly  in  Minnesota  it  may  be  found  along  the  Mississippi. 

Food:  A  single  mature  male  obtained  in  July  on  the  large  marsh  just  east  of 
Princeton  had  its  stomach  greatly  distended  with  grasshoppers. 

121.  QuiscALus  PURPUREUS  (Bartr.),  Licht.   PURPLE  GRACKLE.   Group  II. 

Classc 

I  am  not  at  all  certain  that  the  only  Purple  Grackle  of  Wisconsin  is  CBnetM, 
as  appears  to  be  the  opinion  of  some  recent  writers.  The  birds  which  we  have 
arrive  early  in  April,  are  common  during  the  summer,  and  by  the  middle  of 
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October  &II  bitTe  gone  south.  The;  frequent  the  high  lands  aa  well  aa  th«  low 
during  the  breeding  season,  and  often  nest  in  trees  about  dwellings  sjid  in  vil- 
lagee.  They  are  more  familiar  luid  less  gregarious  than  the  Bed-winged  Black- 
bird, and  more  deetructive  to  corn  in  the  fall,  in  proportion  to  their  numbers. 
Bo  far  as  I  bare  observed,  most  o{  the  com-puliing  in  the  spring  is  done  by  this 
species.  It  often  follows  the  plow  in  quest  of  grubs  and  cut-worms,  and  in  the 
fall  small  troops  are  often  seen  strolling  about  village  lawns.  In  ' '  Birds  of  the 
Northwest"  occurs  the  following  from  Thomas  T.  Gentry,  who,  in  speaking  <rf 
this  species,  says:  "  It  is  obviously  of  great  service  in  the  destructum  of  insects. 
But  it  has  one  very  bad  tiait,  perhaps  not  generally  known.  Like  the  Ciow,  a 
not  distant  relative,  it  is  fond  of  birds'  eggs  and  tender  nestlings,  and  it  destroys 
a  great  many,  particularly  Robins."  It  is  this  bwt  which  makes  the  ecxinomio 
position  of  the  Purple  Orackle  doubtful 

Food:  Of  nine  specimens  examined,  six  had  eaten  corn;  two,  beetles;  one,  two 
water  scorpions  ("NepidaJ;  one,  a  small  cray-fisb;  and  one,  a  few  saeda,  I  hav* 
often  Be«n  these  birds  follow  the  plow  and  pick  up  and  eat  grub-worms  and  cat- 
worms. 

Worms,  grubs  and  cat«rpillara  in  the  spring,  and  com  in  the  fall  (Wilson). 
Grabs,  beetles,  caterpillars,  moths  and  grain  of  various  kinds  (De  Kay).  Catw- 
pillars,  moths,  beetles,  beech  nuts,  acoms,  and  seeds  of  weeds  and  various  wild 
plants  (Samuels), 
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133,  CoEvus  CORAI,  Linn.    RAVEN,    Orodp  IIL    Glass  b. 

TluB  species  rarely  visits  the  aouthem  portioa  of  the  state,  and  only  in  the 
winter.  During  October  and  November,  1877,  it  waa  very  common  throughout 
the  whole  length  of  the  Flambuau  river.  Several  were  observed  daily,  and  it 
always  occurred  singly  or  in  pairs.  Notwithstanding  the  carrion-eating  propen- 
sity of  this  species,  its  inseotivoroiis  habits,  and  the  fact  that  it  does  not  now 
frequent  the  settled  portions  of  the  state,  its  reputed  robbery  of  birds'  nests  must 
class  it  among  the  birds  whose  injuriee  exceed  their  services.  Its  large  size,  ita 
fondness  for  flesh,  and  ita  ability  to  move  where  it  will,  all  indicate  that  bat 
few  birds  which  breed  in  its  haunts  may  not  suffer  from  its  attacks. 

Food:  Dead  flsb,  and  animal  matter  of  all  kinds,  birds'  eggs,  young  ducks, 
obickens,  lambs,  reptiles,  grubs,  worms  and  mollusks  (Wilson).  Dead  iinimii.la, 
birds*  eggs,  young  chickens,  Iambs  and  fawns,  when  they  are  found  unprotected, 
Usards,  snakes,  and  occasionally  potatoes  and  grain  (Cooper).  Field  mice,  gmbs, 
worms  and  grains  (De  Kay).  Small  fniimala  of  every  kind,  dead  fish,  oarrion, 
insects,  worms,  eggs,  nats,  berries,  and  other  lunds  of  fruits  (Audulxin). 

13S.  COKTDS  FBUGITOBUB,  BaBTS.     COUUON  CBOW.     GBOIJF  IIL     CLiSB  b. 

The  Crow  is  common  throughout  the  southern  portioa  of  the  state,  and,  to  a 
oonsiderable  extent,  reeident  during  the  winter.  It  is  not,  however,  numerous, 
M>d  I  have  not  seen  it  north  of  Stevens  Point,  in  the  eaatera  part  of  the  state. 
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In  tbe  weetem  part  it  occurs  as  far  north  as  New  Richmond.  As  in  the  Eastern 
States,  it  frequents  agricultural  districts,  and  is  most  abundant  in  the  wooded 
sections.  It  is  much  upon  the  ground  in  open  fields,  but  there  is  no  piece  of 
woodland  through  which  it  does  not  strolL 

The  warj,  suspicious  nature,  so  characteristic  of  the  Crow  in  the  Eastern 
States,  appears  to  be  wholly  acquired,  and  is  not  possessed  by  the  Crow  of  the 
Western  Plains,  nor  of  that  of  unsettled  districts  where  it  is  not  molested.  How- 
ever desirable  an  unsuspicious  and  familiar  nature  may  be  in  a  bird  like  the 
Robin,  wlien  possessed  by  one  likely  to  become  rapidly  abundant,  when  left  to 
itself,  and  whose  propensities  are  those  of  the  Crow,  it  detracts  from  rather  than 
adds  to  its  usefulness.  With  all  deference  to  the  opinions  of  ornithologists, 
who  should  speak  with  authority  on  this  subject,  I  must  believe  that  they  err 
when  they  advise  the  withdrawal  of  restraint  from  this  species.  Every  element 
of  its  nature  fits  it  for  an  almost  unlimited  abundance  when  fostered  by  the 
conditions  of  agriculture;  no  bird  can  take  its  food  from  it,  and  there  is  nothing 
edible  which  it  may  not  eat.  Its  familiarity  with  man  in  regions  where  its 
rights  have  never  been  questioned,  and  the  readiness  with  which  young  birds 
accept  domestication,  leave  no  doubt  that  it  would  take  unbearable  liberties 
about  dwellings.  Nesting,  as  it  does,  in  high,  inaccessible  tree-tops,  it  has  no 
natural  enemies,  in  thickly  settled  districts,  which  could  hold  it  within  safe 
bounds.  Its  ability  to  overpower  any  of  our  small  birds,  its  ravenous  appetite 
for  flesh,  especially  when  young,  and  its  fondness  for  the  eggs  and  young  of 
birds,  would,  under  conditions  of  no  restraint,  make  it  more  destructive  to  bird- 
life  than  all  the  Hawks  and  Owls  combined.  There  are  only  a  few  large  injuri- 
ous insects,  like  the  may-beetles,  which  it  can  destroy  better  than  other  birds, 
while  its  large,  clumsy  body  utteriy  disqualifies  it  for  the  vast  work  which  is 
done  by  the  birds  whose  life  it  would  not  permit.  Viewed  in  this  light,  the 
Crow  can  but  be  regarded  as  one  which  must  be  held  in  the  scantiest  abundance. 

Food:  Of  two  specimens  examined,  each  had  eaten  com,  and  oue  a  small 
chrysalid.    In  the  stomach  of  one  were  found  two  very  small  pieces  of  bones. 

Myriads  of  mice,  moles,  beetles,  grubs,  caterpillars  and  worms,  young  birds 
and  their  eggs  It  robs  hens'  nests  and  kills  young  chickens.  In  the  spring  it 
pulls  young  com;  sometimes  whole  corn-fields  are  laid  waste  by  the  feeding  of 
a  single  fiock  lighting  upon  it  at  once  (Wilson).  Fish,  immense  numbers  of 
grubs  and  grasshoppers,  clams  and  oysters  (Cooper).  Follows  the  plowman  for 
worms  and  larvae  of  insects;  pulls  com;  eats  com  in  the  milk  state,  and  kills 
young  cliickens,  turkeys  and  goslings,  and  destroys  every  egg  in  its  reach 
(De  Kay).  Fruits,  seeds,  vegetables,  snakes,  frogs,  lizards,  and  other  small  rep- 
tiles; worms,  grubs,  insects,  and  eggs  of  birds  (Aud.).  Insects  and  various 
vermin,  young  Robins  and  birds*  eggs  (Samuels). 

124.  Pica  eustica  Hudsonica  (Lab.),  Rido.    AMERICAN  MAGPIE. 

Gboup  III.    Class  b. 

This  bird  is  said  to  visit  Michigan,  Wisconsin  (Hoy)  and  Northern  Illinois  in 
the  winter.    These  visits  are  only  occasional,  however,  and  by  but  a  few  birds. 

Food:  Seeds,  carrion,  insects,  etc.,  and  the  eggs  and  young  of  other  birds,  of 
which  it  destroys  a  great  many  (T.  M.  Trippe).  Destroys  plantations  of  young 
oaks  by  pulling  up  the  acorns.  Destroys  great  numbers  of  small  birds  and  birds* 
eggs.  Alights  on  the  backs  of  cattle  to  rid  them  of  the  larvae  that  fester  in  the 
skin.  Eats  carrion,  worms,  insects  of  every  description,  and  grains  (Wilson). 
Largely  carrion,  eggs,  young  birds  and  fruits  (Cooper).  Worms,  grubs,  yoimg 
birds,  birds'  eggs  and  carrion  (De  Kay). 
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125.  Cyanocitta  cbistata  (Linn.),  Strickl.    BLUE  JAY.    Group  III. 

Class  b. 

The  Blue  Jay  is  distributed  throughout  the  state,  but,  like  the  Robin,  is  far 
more  abundant  in  settled  than  in  unsettled  portions.  It  is  a  summer  and  winter 
resident,  but  less  abundant  in  the  latter  than  in  the  former  season.  Groves, 
fields,  villages,  and  the  vicinity  of  dwellings  are  more  frequented  than  wood- 
lands; and  although  it  is  an  arborial  species,  it  is  much  upon  the  ground  in  quest 
of  food.  Occasionally  it  extracts  insects  from  the  crevices  of  the  bark  on  the 
trunks  of  trees.  When  unjnolested  it  becomes  more  and  more  familiar,  and 
keeps  closer  to  dwellings;  and  during  the  winter,  particularly,  they  crowd  into 
villages  to  feed  upon  the  crumbs. from  the  kitchens.  It  is  so  like  the  Common 
Crow  in  very  many  of  its  traits,  that  much  which  has  been  said  of  that  bird  ap- 
plies equally  well  to  this.  Its  smaller  size,  however,  renders  it  less  dangerous  to 
other  birds  as  a  class,  and  better  fitted  to  do  service  in  destroying  insects.  Did 
not  the  destruction  of  the  eggs  and  young  of  other  birds  appear  to  be  a  general 
trait  rather  than  an  individual  peculiarity  of  the  Blue  Jay,  it  would  be  necessary 
to  throw  but  little  restraint  over  it.  As  it  is,  it  must  be  held  within  narrow  lim- 
its. The  Jay  is  not  an  especially  valuable  bird  to  agricultural  interests  when 
compared  with  other  species.  From  the  first  of  August  until  the  first  of  April, 
two-thirds  of  the  year,  not  more  than  one-tenth  of  its  food  consists  of  insects, 
and  during  the  rest  of  the  year,  less  than  two-thirds'  of  it  consists  of  this  ma- 
teriaL  During  August,  September  and  October,  about  one-tenth  of  its  food  con- 
sists of  grain  and  other  useful  products,  and  it  is  not  especially  destructive  to 
the  seeds  of  weeds;  while  during  May  and  June  it  is  known  to  feed  to  a  consid- 
erable extent  upon  the  eggs  and  young  of  other  birds. 

Dr.  Brewer,  however,  in  speaking  of  this  species  in  *'  Birds  of  North  America," 
says:  *'  The  Jay  is  charged  with  a  propensity  for  destroying  the  eggs  and  young 
of  the  smaller  birds,  and  has  even  been  accused  of  killing  full-grown  birds.  I 
am  not  able  to  verify  these  charges,  but  they  seem  too  generally  conceded  to  be 
disputed.  These  are  the  only  serious  grounds  of  complaint  that  can  be  brought 
against  it,  and  are  more  than  outweighed  ten-fold  by  the  immense  service  it 
renders  to  man  in  the  destruction  of  his  enemies.  Its  depredations  on  the  gar- 
den or  farm  are  too  trivial  to  be  mentioned.*'  He  also  says:  **  Dr.  Kirtland  has 
aJso  informed  me  of  the  almost  invaluable  services  rendered  to  farmers  in  his 
neighborhood,  by  Blue  Jays,  in  the  destruction  of  caterpillars.  When  he  first 
settled  on  his  farm,  he  found  every  apple  and  wild  cherry-tree  in  the  vicinity 
disfigured  and  denuded  of  its  leaves  by  the  larvae  of  the  Clisiocampa  Amerir 
cana,  or  tent-caterpillar.  The  evil  was  so  extensive  that  even  the  best  farmers 
despaired  of  counteracting  it  Not  long  after  the  Jays  colonized  upon  his  place 
he  found  they  were  feeding  their  young  quite  extensively  with  these  larvae,  and 
so  thoroughly  that  two  or  three  years  afterwards  not  a  worm  was  to  be  seen  in 
the  neighborhood;  and  more  recently  he  has  searched  for  it  in  vain,  in  order  to 
rear  cabinet  specimens  of  the  moth." 

I  insert  this  quotation  because  it  illustrates  so  well  the  great  danger  of  over- 
estimating the  real  service  which  any  particular  bird  may  render  at  a  given 
time.  In  the  first  place,  it  is  by  no  means  certain,  from  what  Dr.  Kirtland  says, 
that  the  disappearance  of  the  tent-caterpillar  from  his  neighborhood,  at  the 
time  he  mentions,  was  in  any  marked  degree  due  to  its  destruction  by  the  Blue 
Jay.  It  is  a  well  known  fact  that  the  tent-caterpillar,  and  very  many  other 
noxious  insects,  may  be  very  abundant  in  a  given  locality  for  a  few  years  and 
then  suddenly  disappear  almost  entirely,  when  birds  could  have  had  no  very 
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great  influence  in  the  extermination.  In  all  of  these  sudden  disappearances  par- 
asitic foes  and  climatic  influences  appear  to  be  the  prime  agents  of  destruction* 
If  these  pests  were  as  abundant  in  Dr.  Kirtland^s  neighborhood  as  his  statement 
indicates,  it  must  have  been  a  large  colony  of  Jays  indeed  that  could  have 
counteracted  them,  alone,  in  so  short  a  time.  It  is  the  bird's  mission  to  aid  in 
preventing  these  gigantic  culminations  of  insect  life,  or  to  lengthen  the  periods 
between  their  occurrence,  and  not  so  much  to  beat  back  a  wave  that  has  broken 
over  them  in  spite  of  all  their  efforts  to  prevent  it.  In  the  second  place,  the 
destruction  of  the  tent-caterpillar  in  orchards,  by  birds,  is  not  of  so  great  mo- 
ment as  some  have  thought.  There  is  perhaps  no  insect  troublesome  to  orchards 
more  directly  and  easily  controlled  than  this  species.  Its  tent  makes  it  per- 
fectly conspicuous  before  it  has  done  any  mischief;  and  since  the  whole  colony 
congregate  under  the  web  when  they  are  not  fee<ling,  every  caterpillar  can 
be  easily  and  quickly  destroyed.  Small  insectivorous  birds  should  rarely  be 
supplanted  by  large  omnivorous  speoitts;  and  the  bird  tiiat  destroys  the  War- 
bling Vireo  or  the  Robin  should  render  an  exceedingly  valuable  service  to  war- 
rant its  encouragemant  in  orchards  and  gardens;  for  this  reason  I  regard  a  Blue 
Jay  as  much  out  of  place  in  an  orchard,  during  the  breeding  season,  as  a  Canada 
thistle  in  a  grain-field. 

Food:  Of  thirty-one  specimens  examined,  nineteen  had  eaten  acorns;  fifteen, 
thirty  beetles,  among  them  several  species  of  HarpalidoR  and  a  Cetonia;  two, 
two  caterpillars;  two,  two  grubs;  one,  some  other  larvsB;  two,  grasshoppers;  five, 
com;  one,  wheat;  and  one,  berries.  No  stomach  was  found  to  contain  only  in- 
sects; and  of  those  which  contained  beetles,  their  remains  never  composed  more 
than  one-fifth  of  the  entire  contents,  and  tisually  less  than  one-tenth.  One  bird 
was  observed  to  kill  three  out  of  a  brood  of  four  young  Robins  and  to  eat  one 
of  them. 

Toung  birds,  carrion  and  acorns  (Wilson).  Chestnuts,  acorns,  cherries,  large 
insects,  carrion,  and  the  eggs  and  young  of  birds  (De  Kay).  The  larvaa  of  Dry- 
ocampa  seiMtoria  (A.  J.  Cook).  In  the  winter,  berries  of  barberry  or  black-thorn, 
with  a  few  eggs  or  cocoons  of  insects.  In  the  spring,  buds  of  shrubs,  caterpil- 
lars and  other  insects;  late  in  the  spring  and  through  the  greater  part  of  summer, 
the  eggs  and  young  of  smaller  birds;  later  in  the  summer  and  early  autumn, 
berries,  small  fruits,  grains,  and  a  few  insects;  later  in  the  autumn,  chestnuts 
and  beech-nuts  (Samuels).  Beech-nuts,  chestnuts,  acorns,  com,  pears  and  apples 
(Audubon).  Grubs  of  the  may-beetle  (Harris).  Tent-caterpillar  (Dr.  Kirtlaud). 
Eggs,  young  birds,  insects,  caterpillars,  acorns,  chestnuts,  corn  and  small  fruits 
(J.  M.  Wheaton).    Caterpillars,  com  (Forbes). 


126.  Perisoreus  Canadensis  (Linn.),  Bp.    CANADA  JAY;  MOOSE  BIRD. 

Group  III.    Class  b. 

The  Canada  Jay  is  a  common  winter  resident  in  the  pineries,  where  it  makes 
itself  familiar  about  every  logging-camp.  A  few  may  breed  in  those  regions, 
but  I  could  not  learn  that  it  was  ever  seen  there  during  the  summer. 

Food:  In  the  stomachs  of  two  specimens,  taken  in  October,  were  grasshoppers, 
cockroaches,  larvae  and  small  seeds. 

Seeds,  insects  and  berries  (Cooper).  Berries,  caterpillars,  eggs  of  birds  and 
carrion  (De  Kaj').  Eggs  of  ants,  insects,  leaves  of  fir  trees.  Robs  Crows'  nests 
(Audubon).  I  knew  of  a  single  pair  of  these  birds  destroying  the  young  in  four 
nests  of  the  Common  Snowbird  ^J.  hyemalisj  in  a  single  day  (Samuels). 
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127.  Ttkankcs  Caboldonbib  (Lent.)'  Bd.    EINOfilSD;  BEB  UARTIN. 
Gbodp  I.    Class  b. 

The  Kingbird  orrivea  early  In  May,  and  many  ot  them  appear  to  witlidraw 
before  the  close  of  August  It  is  very  common  and  frequents  fields,  pastures, 
meadows  and  the  vicinity  of  dwellings.  Nearly  all  of  its  food  is  taken  upon  the 
wing,  but  it  occasionally  comes  to  the  ground  in  the  manner  of  the  Bluebird  for 
insects.  In  "  Birds  of  Northeastern  niinulB,"  It  Is  stated  that  Hr,  Rioe  saw  one 
of  these  birds  plunge  repeatedly  into  a  stream  in  the  manner  of  a  Kingfisher.  An 
examination  of  the  stomach  of  this  specimen  showed  that  it  had  been  eating 
aquatic  insects.  I  have  taken  from  the  stomachs  of  young  birds  of  this  speciea 
bits  ot  shells  of  small  mollusks  (SphtxriumJ;  how  they  are  obtained  is  unknown 
tome. 

It  often  nests  in  orchards,  sometimes  close  to  the  house,  and  the  solitary  trees 
standing  in  fields  and  pastures  are  very  desirable  breeding  places  for  It;  from 
these  places  it  has  a  good  chance  to  watch  for  passing  Insects.  It  would  t«nd 
to  make  these  and  other  birds  more  abundant  if  more  trees  were  left  standing  in 
the  cultivated  fields,  or  were  planted  there. 

Dr.  Brewer  is  of  the  opinion  that  writers  have  somewhat  exaggerated  the 

t       <  Scale  011I7  ODfr-half.  >  Bale 
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qnarrelfiome  dispontion  of  this  species.  Acooiding  to  his  obeerrations,  ELawks, 
Owls,  Crows,  Grackles,  Jays  and  Cackoos  axe  about  the  only  birds  which  it  reg- 
ularly attacks.  For  these  it  is  always  on  the  alert,  and  with  good  reason,  no 
doubt  He  also  states  that  a  pair  of  these  birds  once  had  their  nest  in  an  apple 
tree  in  which  the  Baltimore  Oriole  and  the  Robin  had  their  nests  at  the  same 
time,  and  that  the  three  families  appeared  to  entertain  the  most  amicable  rela- 
tions. My  own  observations  are  in  harmony  with  these  statements.  A  pair  of 
Warbling  Vireos  once  had  their  nest  in  an  oak  tree  in  a  pasture  which  also  bore 
a  nest  of  the  Elingbird.  The  two  nests  were  only  four  feet  apart,  and  both  con- 
tained half  grown  young  when  the  discovery  was  made. 

The  only  apparently  serious  objection  to  this  species  with  which  I  am  ao- 
quainted  is  its  destruction  of  dragon-flies,  and  of  these  insects  it  appears  to  be 
very  fond.    How  serious  this  objection  may  be,  future  investigation  must  decide. 

Food:  Of  twelve  specimens  examined,  four  had  eaten  seventeen  beetles;  four, 
four  dragon-flies;  one,  a  bee;  one,  six  crane-flies;  one,  a  large  moth;  one,  a  but- 
terfly ("Pieru  protodice);  and  three,  a  few  raspberries. 

Bees,  the  large  black  gad-fly  and  other  insects  (Wilson).  Insects,  among  Aem 
bees,  and  some  berries  (Cooper).  Mostly  vnnged  insects,  occasionally  grasshop- 
pers and  bees  (Samuels).  Dragon-flies  are  a  favorite  food;  it  also  eats  bees  and 
may-beetles  (J.  L.  Hersey,  Am.  Nat.,  HI,  437).  Of  seven  stomachs  examined, 
two  contained  hymenoptera;  one,  a  wasp;  five,  lepidoptera;  two,  caterpillars; 
four,  beetles;  one,  ground-beetles;  three,  orthoptera;  one,  crickets;  one,  locusts; 
two,  grasshoppers;  one,  a  spider;  one,  a  harvest-man;  one,  wheat;  and  one, 
fruit  (Forbes).  Of  the  food  of  two  specimens  shot  in  an  apple  orchard,  canker- 
worms,  which  infested  it,  made  forty-three  per  cent.,  vine-chafers  CAnomala 
binotataj  seventeen  per  cent,  spring-beetles  (MdanotusJ  ten  per  cent,  scaven- 
gers twenty  per  cent,  LampyridsB  three  per  cent,  and  various  hymenoptera 
sevem  per  cent  (Forbes). 

128.  Myiabchus  crinitus  (Linn.),  Cab.    GR£AT  CRESTED  FLYCATCHER, 

Group  I.    Class  b. 

This  species  is  certainly  rare  in  Central  Wisconsin,  but  is  given  as  a  rather 
common  summer  resident  in  Northeastern  Illinois,  and  Dr.  Hoy  gives  it  as 
breeding  at  Racine.  It  is  said  to  inhabit  damp  swampy  woods,  and  to  be  quar- 
relsome toward  birds  smaller  than  itself. 

Food:  Bees,  and  other  winged  insects  until  fall,  when  it  eats  berries  (Wilson). 
Insects,  grapes  and  berries  (De  Kay).  Winged  insects,  berries,  caterpillars, 
crickets  and  grasshoppers  (Samuels).  Insects  as  long  as  they  can  be  obtained, 
then  grapes  and  several  species  of  berries. 

129.  Sayiornis  Sayi  (Bp.),  Bd.    SAY'S  FLYCATCHER.    Group  IL 

Class  a. 

Probably  accidental  in  Wisconsin.  Dr.  Brewer  states  that  one  specimen  was 
obtained  by  Dr.  Hoy  near  Racine,  and  sent  to  Mr.  Cassin  for  identification* 

180.  Sayiornis  fusca  (Gm.),  Bd.    PEWEE;  PH(£BE-BI&D.    Group  L 

Class  b. 

This  familiar  and  confiding  species  arrives  early  in  April  and  remains  until  the 
beginning  of  October.  During  this  long  stay  it  leads  a  busy,  useful  life,  though 
not  one  wholly  unalloyed  with  mischief.    It  is  an  expert  fiy-catcher,  l^ut,  like 


ECONOMIC  RELATIONS  OF  OUR  BIRDS.  661 

the  Bluebird,  marks  much  of  its  prey  upon  the  ground,  and  falls  directly  upon 
it.  By  this  habit  it  is  fitted  for  a  wider  usefulness  and  a  greater  abundance. 
Its  places  of  nesting  —  undec  old  slieds,  beneath  porches  and  bridges,  under  the 
eaves  of  houses,  under  slightly  projecting  ledges,  and  under  oyerhanging,  rocky 
cliffs  —  are  familiar  to  many. 

How  it  is  imposed  upon  by  the  Cowbird  has  already  been  told. 

Food:  Of  thirty-seven  specimens  examined,  nine  had  eaten  twenty-seven 
hymenoptera;  four,  seven  ants;  one,  a  wasp;  four,  fifteen  ichneumon-flies;  four, 
four  chrysididae;  twelve,  thirty-five  lepidoptera;  seven,  eighteen  caterpillars; 
seven,  sixteen  moths;  one,  a  butterfly  (Colias  philodicej;  fourteen,  forty-nine 
beetles;  one,  a  ground  beetle;  one,  a  tiger-beetle;  one,  a  lady-bird  (Coceindla 
S-noiataJ;  two,  nine  leaf -chafers;  one,  a  leaf -beetle  (^Chryaomela  f  J;  one,  two 
squash-beetles  (Diabrotica  vittataj;  one,  two  Diabrotica  duodecimrpunctata; 
one,  a  curculio;  seven,  twenty-seven  diptera;  three,  three  crane-flies;  four, 
twenty  MucidaB;  twelve,  seventeen  orthoptera,  crickets  and  grasshoppers;  one, 
a  spider;  three,  two  hundred  and  fifty-eight  insect  eggs;  three,  four  small 
dragon-flies;  one,  a  cculdis-fly;  one,  a  leaf-hopper  (EnchenopaJ;  one,  a  heterop- 
terouB  insect  (one  of  the  CorisuxJ;  and  one,  dogwood  berries.  From  the  stom- 
ach of  one  Pewee  were  taken  ten  ichneumon-flies  —  among  them  a  Lampronota 
varia  and  four  other  species  —  one  large  moth,  having  a  body  1.25  of  an  inch 
long,  four  smaller  moths,  and  one  caddis-fly.  An  ichneumon-fly,  which  another 
specimen  had  eaten,  belonged  to  the  genus  Comptus  (f).  In  the  stomachs  of  six 
young  birds  were  found  fifteen  flies  (MuddcRjy  two  hymenopterous  insects,  two 
grasshoppers,  three  crickets,  one  caterpillar  and  three  moths. 

Smilax  berries  and  **bees"  (Wilson).  Insects  in  the  spring  and  summer;  in 
the  winter,  berries  of  various  kinds  (Samuels).  Of  five  specimens  examined, 
two  had  eated  hymenoptera;  one,  lepidoptera;  four,  beetles;  two,  diptera; 
and  one,  hemiptera  (Forbesj. 

181.  CONTOPUS  BOREAUS  (Sw.),  Bd.    OLIVE-SIDED  FLYCATCHER. 

Group  II.    Class  a. 

Reported  to  have  been  quite  common  at  one  time  near  Racine,  but  later  to  be 
quite  rare  (Hoy).  Not  an  uncommon  migrant  in  Northeastern  Illinois.  It  is  a 
woodland  species,  and  Nuttall  found  it  quarrelsome.  I  think  I  observed  this 
species  at  River  Falls,  June  2,  1882. 

Food:  Wasps,  bees,  and  similar  insects  (Brewer).  One  specimen  examined 
had  eaten  wasps  (Forbes), 

182.  CoNTOPUs  viRENS  (LiNN.),  Cab.    WOOD  PEWEE,    Groxtp  I.    Class  b. 

No  Flycatcher  is  so  abundant  in  Central  Wisconsin  as  this  species;  even  in 
the  deep  woods  of  Clark  and  Chippewa  counties  its  prolonged  whistle  proclaims 
its  abundance  there.  With  us  it  is  as  yet  a  retiring  species,  keeping  closely 
within  the  woods  and  groves,  or,  at  most,  venturing  upon  their  borders.  At 
Ithaca,  N.  Y.,  however,  it  is  becoming  much  more  familiar.  There  it  breeds  in 
orchards,  about  dwellings  and  in  the  city.  According  to  Nuttall,  it  displays  at 
times  a  tyrannical  disposition.  So  far  as  I  have  observed,  it  is  perfectly  peace- 
able and  allows  other  birds  to  pass  it  unmolested.  Nearly  all  of  its  food  is  taken 
upon  the  wing,  and  when  in  the  woods  it  usually  selects  some  small  opening 
between  the  tree-tops  for  its  hunting-grounds. 

Food:  Of  forty-one  specimens  examined,  eighteen  had  eaten  sixty-six  small 
beetles, 'among  them  seven  metallio-green  beetles  and  several  lamelliooms;  four- 
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teen,  forty-one  dipterous  insects,  among  them  twelve  large  crane-flies;  two,  a 
butterfly  each,  one  of  which  was  an  Argynnis;  nine,  thirteen  small  dragon-flies; 
eleven,  twenty-nine  hymenopterous  insects,  among  them  twelve  ants,  an  ich- 
neumon-fly (?)  and  one  of  the  Augochlora  (f);  one,  a  heteropterous  insect  (Co- 
risicej;  one,  a  moth;  one,  a  grasshopper;  and  one,  a  larve  of  a  saw-fly  (?). 

I  have  seen  one  Wood  Pewee  capture  and  feed  to  its  young,  which  had  recently 
left  the  nest,  forty-one  insects  in  the  course  of  f orty-flve  minutes.  Several  of 
these  insects  were  moths. 

Winged  insects  (Wilson).  Insects  caught  on  the  wing  (De  Kay).  Of  three 
specimens  examined,  one  had  eaten  hymenoptera;  one,  caterpillars;  two,  bee- 
tles; one  diptera;  and  one,  dragon-flies  (Forbes). 

« 

13a  Empidonax  acadicus  (Gm.),  Bd.    ACADIAN  FLYCATCHER    Group  U. 

Class  a. 

It  appears  doubtful  whether  this  species  has  ever  been  taken  in  Wisconsin. 
The  fact  that  Wilson,  Audubon  and  Nuttall  appear  to  have  mistaken  other  birds 
for  this,  may  perhaps  be  a  sufficient  explanation  of  its  reported  occurrence. 

184.  Empidonax  Trailli  (Aud.),  Bd.   TRAILL'S  FLYCATCHER.   Group  II. 

Class  b. 

A  summer  resident,  but  uncommon.  It  occurs  in  woodlands  and  retired 
groves.  At  Waupaca  one  was  obtained  in  a  small  tamarack  swamp  early  in  July, 
where,  from  its  groat  excitement  on  my  approach,  I  suspect  that  it  had  a  nest 
in  the  vicinity  at  the  time. 

Food:  One  bird  examined  had  in  its  stomach  two  small  dragon-flies,  one 
ichneumon-fly  aud  two  small  beetles.  Two  others  had  eaten  small  beetles  and 
dipterous  insects,  and  one,  small  berries. 

135.  Empidonax  minimus,  Bd.    LEAST  FLYCATCHER.    Group  L    Class  b. 

This  species  is  the  most  abundant  and  the  most  familiar  of  our  Empidonaces. 
It  arrives  about  the  middle  of  May  and  departs  late  in  September.  The  borders 
of  woods,  groves,  and  hedges  along  fences  are  its  usual  haunts.  In  the  East  it 
has  become  much  more  familiar  than  with  us.  There  it  frequents  orchards  and 
gardens,  and  has  been  known  to  nest  in  a  clump  of  honeysuckles  on  the  comer 
of  a  piazza.  It  appears  to  live  amicably  with  other  birds,  and  to  have  strong 
attachments  for  nesting-places  once  chosen.  On  the  whole,  it  appears  to  be  a 
more  desirable  bird  to  have  in  orchards  and  about  dwellings  than  either  the 
Kingbird  or  the  Purple  Martin.  Twice  I  have  found  the  young  fledglings  of  this 
species  being  fed  by  their  parents  late  in  July,  and  once  early  in  August,  from 
which  we  may  infer  that  it  reai^  two  broods  each  season  with  us. 

Food:  Of  twenty-three  specimens  examined,  ten  had  eaten  thirty  beetles  — 
among  them  two  squash-beetles  (Diabrotica  vittataj,  a  lady-bird  and  two 
weevils;  four,  eighteen  dipterous  insects;  one,  two  small  heteropterous  insects, 
equal  in  size  to  chinch-bugs;  four,  thirty-nine  hymenopterous  insects  —  two  small 
ichneumon-flies  and  thii-ty-seven  winged  ants;  two,  three  caterpillars;  one,  a 
moth;  two,  four  small  dragon-flies;  and  one,  a  small  spider. 

Canker-worm  (Maynard).  Of  ten  specimens  examined  by  Forbes,  two  had 
eaten  hymenoptera:  two,  lepidoptera;  eight,  Ixjetles  —  ground-beetles,  gj^rinidse, 
curculios  and  hydropliilidas;  one,  hemiptera;  one,  locusts;  one,  spiders;  and  two, 
blackberries. 
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138.  Empidonax  FiAvivsiJTEia,  Bd.  YELLOW-BELLIED  FLYCATCHER. 
Group  IL  Class  a. 
A  dngls  specimen  of  this  species  was  obtained  at  Worcester,  July  26,  1879, 
Dr.  H07  identified  it  at  Bacine,  during  tfae  summer  of  1869.  Mr.  Nelson  speaks 
of  it  as  a  common  migrant  in  Northeastern  IlIinoiB.  None  of  the  fragments  of 
five  insecta  found  in  its  stomach  were  identified. 


FamiltCAFRIMUIGIDJ::  Ooatbcccsbs. 

Fia.  131. 


MioHT'iuirs  (OhordeOei  popetnt).   Attfx  Bd.,  Br.  sad  Sldf. 

Tb&ular  Summary  of  Economic  Belaliong  slwwing  the  number  of  meeiment 
eating  animal  und  vegetable  food,  and  the  number  of  imtecU  taken  from 
the  stomachs,  elti.ssifi-'ti  as  to  economic  relations  under  the  heada  Beneficial, 
Detrimental  and  Cnknown  Eelationi. 
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Table  nhowing  the  number  and  kindt  of  inseela  eaten  by  the  Ooatmickert, 
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137,  ANTROSTOifUB  vociFEECS  (WiLS.),  Bp.    WHIPPOOE WILL ;  NIGHT- 
JAR.   Group  I.    Ci.abs  a. 

This  very  useful  nocturnal  bird  is  a  common  eunmier  resident,  but  ita  breed- 
ing habits  and  ita  fondnesa  for  secludod  retreato  daring  the  day  appear  to  pre- 
clude it  from  maintaining  abundant  nuniberB  in  thickly  settled  districts. 

Food:  Its  food,  na  indicated  by  two  specimena,  appears  to  consist  largely  of 
moths,  some  of  which  have  an  extent  of  wing  of  two  inches.  Italaoealamitny 
beetles.  !iiiii>ii^  whicli  are  click-beetles  and  small  lamcliicoms. 

Large  nii>tlis,  ants,  grass! loppers.  and  sucli  insects  as  frequent  old  logs  (WU- 
Bonj.  Exclusively  winged  insects  (De  Kay).  Almost  entirely  nocturnal  lepi- 
doptera  lS;umic1a).     Ants,  large  moths  and  beetles  (Audubon). 

laS.  CM0RDE1LES  poPETOE  (V.).  Bd.    NIGHT-HAWK;  BULL-BAT. 

Group  I.    Class  b. 


IS  gradually 


The  Night-hawk,  by  many  supposed  to  be  the  Wliippoorwill,  £ 
growing  less  numerous.  Where,  twenty  years  ago,  it  v 
tliousiiuila  of  thi^c  birds  towards  sunset,  pursuing  insects  low  over  clover-fields 
in  swift  and  tanf-led  curves,  now  it  ia  rare  to  ace  more  than  twenty  thus  engaged. 
At  Ilhai*a.  N.  Y,,  both  it  and  the  Whippoonvill  are  uQcommon  birda.  Dr. 
Brewer,  lu.wever,  slatea  that  it  is  becoming  more  numerous  about  the  larger 
Eastern  cities,  and  that  in  Buston  it  has  taken  to  brei'ding  on  the  flat  Mansard 
roofa  of  buildings.  It  is  exceedingly  destructive  to  insects,  and  is  especially  act- 
ive during  cloudy  weather  and  in  the  morning  and  evening  twiliglits.  It  is  very 
desirabli!  that  it  aliould  maintain  an  ample  abundance.  This  is  the  more  desirable 
since  it  freijuents,  so  much,  cultivated  fields.  Theaiiortsmenof  eome  of  our  cities 
are  in  the  haliit  of  going  outside  of  the  city  limits  toward  sunset,  and  practicing 
shooting  tliese  birds  on  the  wing,  preparatory  to  duck-shooting  in  the  fall,  Tha 
services  of  those  birds  are  too  valuable  to  justify  audi  a  practice. 

>  Bcaln  only  one-thlid. 
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Food:  In  the  Bforaaclisof  four  specimens  were  found  may-flieB,  alart;e  dragon- 
fly, beetles,  water-boatmen,  scorpion-bugs,  berry-bug-like  heteroptcra  and  griisa- 
lioppers.  Tlie  material  taken  from  the  stomach  of  one  specimen  weighed  aina 
grammes.  From  the  atomach  of  anotlier  were  taken  five  small  grassboppera, 
eight  larvEB  of  hemipteroua  iaaecta  {CorisiaeJ,  and  ten  scorpion-bugs,  none  of  tliem 
less  tlian  three-fourths  of  on  inch  long. 

Wasps,  Hies,  beutles  and  other  insects.  Nearly  a  snuS-box  full  were  taken 
from  the  stomach  of  one  (Wilson).  Winged  insects  (De  KayJ.  Beetles,  moths, 
caterpillars,  crickets  and  grasshoppers  (Audubon). 


Family  CTFSELID^:  Swifis. 
Via.  1S3. 


189.  CaBTCEA  pEi-AsaiCA  (Linn.),  Steph.  CHISINEy  SWIFT.  Qeohp  H. 
Oi-Assa. 

The  Chimney  Swift,  in  July,  1ST6,  was  much  more  abundant  in  the  northern 
unsettled  portion  of  the  state  than  I  ever  saw  it  in  the  southern.  There  it  doiib^ 
less  follows  its  primitive  habit  of  breeding  in  hollow  trees.  We  have  no  bird 
BO  incessantly  on  the  wing  or  so  dexterous  and  swift  in  its  aerial  movements. 
While  it  is  abroad  at  all  times  of  the  day,  it  is  out  earher  in  the  morning  and 
later  in  the  evening  than  the  Night-hawk;  and  it  is  said  to  feed  its  young  at  in- 
tervals during  the  whole  night.  Such  traits  as  these  appear  to  Aiake  this  a  very 
valuable  bird;  and  when  we  know  more  definitely  than  we  do  now  in  regard  to 
its  food,  it  may  be  found  advisable  to  erect  cheap  hollow  towers  for  it  to  brooil 
in,  in  order  that  it  may  become  more  abundant  away  from  cities. 

Food:  Of  three  specimens  examined,  two  had  nothing  in  their  stomachs,  and 
the  .other  stomach  contained  two  flies. 

Of  three  specimens  examined  by  Prof.  Forbes,  three  had  eaten  hymenoptera; 
two,  ants;  one,  lepidoptera,  adults;  one,  beetles;  one,  ground-beetles;  one,  rove- 
beetles;  one,  plant-beetles;  two,  dipterous  insects;  two,  hemipl«is;  and  one, 
spiders. 
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140.  Trochilus  oolubbis,  Lnra.    RCBY-TSROATGD  HUMHING-BUU>. 
Gbottp  L    Class  b. 

This  exquisite  little  epecies  is  veiy  common  with  us,  and,  acoordinf;  to  m;  ob- 
BervatiouB,  quite  as  much  a  bird  of  the  woodlands  as  of  open,  Bunoy  placee, 
where  flowers  abound. 

I  have  met  with  it  commonly  in  the  heart  of  the  heaviest  timber  of  Jefferson 
county,  and  among  the  deep  woods  in  the  northern  portion  of  the  state.  Id 
these  places  it  moves  high  among  the  outer  branches  of  the  trees,  seaiching  for 
insects  upon  the  leaves,  as  it  does  for  honey  and  ineecta  within  the  corollas  of 
flowers.  The  wooded  banks  of  streams,  willow  and  alder  thickets,  hazel  patches 
and  the  depths  of  tamarack  swamps  are  also  visited  by  it.  They  appear  to  be 
pugnacious  and  querrelHome  among  themselves,  and  the  little  Black-capped 
Chickaik'u  rvIiviilN  before  these  emerald  pigmies  without  the  slightest  reeistiince, 
as  if  it  liad  long  ii^  acknowledged  their  superiority. 

Food:  From  the  stomachs  of  five  specimens  were  taken  three  Hmall  epidcrs, 
one  aphis,  and  one  small  chalcidian  (7),  together  with  twelve  other  insects. 

Honey  of  flowers,  small  beetles  and  winged  insects  (Wilson).  Principally  in- 
sects iSamuels).  Sweet  juice  of  flowers  (De  Kay).  Small  beetles,  spiders  and 
winged  insects,  most  of  which  are  captured  in  the  corolla  of  flowers  (J.  M. 
^Vheaton>. 
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JfAMihY  ALCEDINID£:  EoiaFtsHEBS. 
FiQ.  lu. 


Delted  KDnmssxK  (Cerj/lt  alet/tm).    Afler  Bd..  Br.  &nd  Biig. 

141.  Cebtlh  iLCTON  (Linn.),  Bois.    BELTED  KINGFISHER.    Group  II. 
Class  b. 

A  common  summer  resident,  frequenting  all  our  Btreams  as  long  as  thej  aie 
free  from  ice. 

Food:  Six  specimens  examined  had  eaten  onljr  flsli. 

Fisii  (Wilson,  Cooper).    Mainly  small  fish  (De  Kay).    Rsb;  occa«ionalIj  a  frog 
OT  meadow-mouse  (Samuels). 

Family  ClIClTLIDi;:  Coosooa. 
Fia.  18S. 


Cajior>  (Oacogffut  Aaurleanm).    ACterBd.,  Br.  andSliIt, 
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142.  CoocTausKBTTBROPHTaujnjsCWiLS.),  Bd.  BLACK-BILLED  CUCKOa 
Gkodp  H.  Class  b. 
The  Cuckoo  is  a  common  summer  resident,  arriving  early  in  May  and  with- 
drawing again  toward  the  last  of  September.  Its  usual  haunts  art  the  interior 
of  woods,  groves  and  the  wooded  banks  of  streams.  Frequently  it  visita  the 
grassy  swales  in  marshee  where  small  clumps  of  willows  abound,  and  during 
the  spring  it  may  be  seen  in  orchards  and  villages.  1  know  of  no  iusoctivorous 
bird  so  excessively  voracious  as  it,  unless  it  be  the  next  species.  The  amount 
of  m&terial  which  may  be  found  in  its  stomach  at  one  time  seems  out  of  all  pro- 
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portion  to  its  size  and  activity.  I  have  taken  thirty  caterpillars  (Dryocampa 
senatoriajf  three-fourths  of  an  inch  long,  from  the  stomach  of  one  of  these  birds, 
and  six  large  grasshoppers  from  that  of  another.  That  which  gives  this  species 
a  special  value  as  an  insect-destroyer  is  its  fondness  for  those  hairy,  spiney  and 
otherwise  protected  caterpillars  not  so  generally  preyed  upon  by  other  birds; 
and  it  is  this  trait,  together  with  the  fact  that  it  appears  to  refuse  all  vegetable 
food,  that  goes  far  toward  compensating  for  what  injury  it  may  do  in  plundering 
the  nests  of  other  birds.  It  is,  therefore,  much  worthier  of  encouragement  and 
protection  than  either  the  Blue  Jay  or  the  Crow. 

Food:  Of  thirteen  specimens  examined,  nine  had  eaten  caterpillars — among 
them  were  eight  of  the  fall  web-worms  ("Hyphantria  textorj,  thirty-three  of  the 
oak-caterpillars  (Dryocampa  senatoriaj,  one  of  the  lo  caterpillars  (Satumia  loj, 
six  of  the  antiopa  caterpillars  ("Vanessa  antiopaj,  and  one  of  the  caterpillars  of 
the  archippus  butterfly  (Danais  archipptisj.  One  contained  five  larvaa  of  the 
large  saw-fly  (Cymbex  AmericanaJ;  six,  twenty-five  grasshoppers;  one,  a  cricket; 
two,  ten  beetles;  and  two,  two  harvest-men«  These  observations,  it  will  be  seen, 
differ  quite  markedly  from  those  given  below. 

Small  mollusks,  etc.  (Wilson).  Minute  moUusks  and  animals,  fruits,  berries^ 
etc.  (De  Kay).  Insects  and  their  larvas,  small  fruits,  and  the  egc^  and  young  of 
small  birds  (Samuels).  Principally  fresh-water  mollusks,  fish  and  aquatic  larvaa 
(Audubon).  Tent-caterpillar  (A.  J.  Cock,  Am.  Nat.,  VIII,  368).  Eggs  of  the 
Solitary  Vireo  (Brewer).    One  specimen  had  eaten  beetles  (Forbes). 

148.  CoccYQUS  Americanus  (Linn.),  Bp.    YELLOW-BILLED  CUCKOO. 

Gboxtp  U.    Class  b. 

This  species  is  a  summer  resident,  but  not  common.  I  have  seen  but  one  speoi- 
men.  Its  habits  are  similar  to  those  of  the  last  species,  and,  economically, 
probably  it  ranks  with  it.  In  speaking  of  its  relations  to  other  birds.  Dr.  Coues 
says:  "Although  not  parasites,  like  the  European  species,  devoid  of  i>arental 
instinct,  they  have  their  bad  traits,  being  even  worse  enemies  of  various  small, 
gentle  birds;  for  they  are  abandoned  thieves,  as  wicked  as  Jays  in  this  respect, 
continually  robbing  birds  of  their  eggs,  and  even,  it  is  said,  devouring  the  help- 
less nestlings. 

Food:  The  specimen  which  I  examined  had  its  stomach  crammed  almost  to  over- 
flowing with  a  large,  black,  slightly  hairy  caterpillar,  with  a  faint  dorsal  stripe 
of  white,  which  is  often  so  abundant  on  black  walnut  trees  as  to  completely 
defoliate  them. 

Caterpillars,  particularly  those  which  infest  apple  trees,  and  the  eggs  of  other 
birds  (Wilson).  Insects,  and,  at  times,  small  birds  and  their  eggs  (Cooper). 
Hairy  caterpillars,  large  beetles,  berries,  grapes,  and  occasionally  the  eggs  of 
small  birds  (De  Kay).  Caterpillars,  and  other  larvaa  destructive  to  fruit  and 
shade  trees  (Samuels).  Caterpillars,  butterflies,  beetles,  wood  mollusks,  mulber- 
ries, grapes,  and  the  eggs  of  small  birds  (Audubon).  Various  large  winged  in- 
sects, various  grubs,  wood-inhabiting  mollusks,  different  kinds  of  berries  and 
other  soft  fruits,  and  the  eggs  of  small  birds  (Coues).  Of  four  specimens  ex- 
amined, three  had  eaten  caterpillars;  one,  beetles;  two,  harvest-men  and  vege- 
table substance  (Forbes). 
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Tatndar  Sumniary  of  Economic  RtHationt  of  Woodpeefcers— continued. 
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144  Hylotomtjs  pileatus  (Linn.).  Bd.    PILEATED  WOODPECKER. 

Group  I.    Class  b. 

This  gigantic  Woodpecker  is  a  common  resident  in  the  pineries,  where  it 
frequents  especially  the  windfall  tracts  abounding  in  old  dead  trees.  In  the 
character  of  its  food  it  appears  to  be  most  closely  allied  to  the  YeUow-bellied 
Woodpecker,  seldom  drilling  into  hard  wood  for  wood-borers.  Some  of  its  chisel- 
ings,  however,  into  soft  decaying  timber  for  ants,  and  doubtless  grubs,  are  often 
on  a  gigantic  scale,  furrows  six  inches  wide  and  deep  and  twelve  feet  in  length 
being  commonly  made  by  it  in  standing  stubs. 

Food:  A  specimen  taken  on  the  Flambeau  river  had  its  stomach  distended 
with  large  black  ants,  small  beetles,  and  some  vegetable  material. 

Insects  and  larvae  which  it  takes  from  decaying  pines  and  other  trees.  Said 
also  to  eat  corn,  but  this  is  doubtful  (Wilson).  Insects  which  it  takes  from  be- 
neath the  bark  of  trees;  also  corn,  chestnuts,  acorns,  and  fruits  (De  Kay). 
Borers,  black  ants,  beech-nuts  and  Indian  com  (Samuels). 

146.  Picus  VILLOS0S,  Linn.     HAIRY  WOODPECKER,    Group  I.    Class  b. 

This  species  is  a  common  resident,  breeding,  as  yet,  mostly  in  woodlands  and 
forests.  Early  in  the  spring  and  after  the  breeding  season,  it  pays  frequent 
visits  to  orchards,  nurseries  and  villages,  where,  in  the  southern  portion  of  the 
state,  it  performs  a  work  in  which  but  one  other  bird,  the  Downy  Woodpecker, 
takes  part,  at  least  to  any  notable  extent.  This  work  is  that  of  destroying  wood- 
boring  larvae,  and  these  pests  furnish  it  nearly  one-half  of  its  food  both  winter 
and  summer.  Another  trait  which  gives  special  importance  to  its  services  is 
that  of  hammering  on  the  loose  and  shaggy  bark  of  trees  for  the  purpose  of 
startUng  the  moths  and  other  insects  that  have  hidden  beneath  it;  when  they 
take  wing,  it  pursues  to  their  next  place  of  lighting  and  captures  them.  I  have 
Been  this  bird  repeatedly  capture  moths  in  this  way.  Practically,  therefore,  it, 
and  doubtless  all  of  the  Woodpeckers,  to  some  extent,  perform  in  part  the  work 
of  a  nocturnal  fly-catcher. 

It  has  been  known  to  nest  in  orchards  and  in  fence  posts,  but  it  seems  destined 
to  become  less  and  less  numerous  as  its  natural  breeding  places  are  destroyed. 
It  enjoys,  however,  so  wide  a  range  in  the  variety  of  its  food,  that,  could  its 
breeding  habits  be  changed,  it  would  probably  be  able  to  maintain  an  ample 
abundance  when  properly  protected. 

Food:  Of  twenty-one  specimens  examined,  eleven  had  eaten  fifty-two  wood- 
boring  larvae;  five,  thirteen  geometrid  caterpillars;  ten,  one  hundred  and  five 
ants;  six,  ten  beetles;  two,  two  cockroaches;  two,  nine  ootheca  of  cockroaches; 
two,  two  moths;  one,  a  small  snail;  one,  green  com;  one,  a  wild  cherry;  and 
one,  red  elder  berries.  In  the  stomach  of  one  of  these  was  a  little  woody  fiber, 
but  this  was  probably  swallowed  unintentionally.  One  of  the  above  birds  had 
in  its  stomach  eleven  wood-boring  larvae  (Lamides?)  and  twelve  geometers; 
another,  thirteen  larvae  of  long-horn  beetles  and  four  cockroach  ootheca;  another, 
nine  wood-boring  larvaB;  and  two  others  together  had  three  wood-boring  larvae, 
and  nine  larvae  not  coleopterous. 

The  apple-borer  and  other  larvae,  insects  and  their  eggs  (Wilson).  Insects  and 
their  larvae,  which  infest  trees  (De  Kay).  Eggs  and  larvae  of  injurious  insects 
which  burrow  in  the  wood  of  orchard  and  forest  trees;  it  also  eats  small  fruits 
and  berries,  and  some  assert  that  it  eats  the  buds  and  blossoms  of  trees  (Samuels). 
One  specimen  had  in  its  stomach  hymenoptera  (Forbes);  Cecropia  cocoons  punc- 
tured by  them  (Am.  Nat.,  VoL  XV,  p.  241,  F.  M.  Webster). 
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146.  Picus  PUBKSCKN8,  LiNN.    DO^VNY  WOODPECKER.    Group  L    Class  b. 

This  8X)ecie6,  like  the  last,  is  a  common  resident,  but  not  as  abundant  as  that 
bird,  and  its  habits  resemble  those  of  its  large  cousin  as  closely  as  does  its  dress; 
it  is,  however,  a  more  frequent  visitor  to  orchards.  Tlie  statements  in  regard 
to  its  probing  the  bark  of  young  smooth  trees  to  suck  the  sap  appear  to  be 
unfounded. 

Food:  Of  seventeen  specimens  examined,  seven  had  eaten  twenty  wood-boringf 
grubs;  nine,  twenty  other  larvae,  among  them  three  caterpillars;  two,  seven 
ants;  three,  four  beetles;  one,  a  chrysalid;  one,  a  fly;  one,  one  hundred  and  ten 
small  heteropterous  insects,  about  the  size  of  chinch-bugs;  one,  a  spider;  one, 
acorns;  and  one,  small  seeds.  In  the  stomachs  of  four  was  found  a  little  vege- 
table fiber,  but  this  was  probably  taken  incidentally,  as  in  each  case  the  bird  had 
eaten  wood-boring  larvae.  From  the  stomach  of  each  of  two  of  thisse  birds 
were  taken  eight  large  wood-boring  grubs. 

Of  all  our  Woodpeckers,  none  relieve  our  orchards  of  so  many  vermin  (Wil- 
son). Insects  and  their  larvas,  grapes  and  poke-berries  (De  Kay).  In  summer, 
insects  and  their  larvae;  in  autumn,  fruits  of  various  Idnds,  among  them  grapes 
and  poke-berries  (Audubon).  They  are  very  industrious,  and  particularly  fond 
of  boring  the  bark  of  apple  trees  for  insects  (Brewer).  Wood,  hymenoptera, 
lepidoptera,  hemiptera  and  spiders.    Three  specimens  (Forbes). 

147.  Picx)n>ES  ARcncus  (Sw.),  Gray.    BLACK-BACKED  THREE-TOED 

WOODPECKER.    Group  I.    Class  a. 

This  Woodpecker  is  common  in  the  northern  portion  of  the  state  during  the 
fall  and  winter,  and  probably  resident  to  some  extent  during  the  summer,  and  I 
have  taken  it  at  Worcester  in  July.  It  rarely  moves  south  in  the  winter  beyond 
the  heavy  timber  line.  In  the  pineries  its  services  must  be  very  great,  as  it 
appears  to  feed  almost  exclusively  upon  wood-boring  larvae. 

Food:  Four  specimens  examined  had  eaten  respectively,  thirteen,  twelve,  seven, 
and  six  larvae  of  long-horn  beetles.  Nothing  else  was  found  in  the  stomachs  of 
these  birds. 

Wood-boring  insects  (De  K&j),  Besides  insects  they  eat  berries  and  small 
fruits  (Audubon). 

148.  PicoiDES  Amkricanus,  Brehm.    BANDED  THREE-TOED  WOOD- 
PECKER.   Group  II.    Class  a. 

This  species  is  introduced  in  the  present  connection  on  the  authority  of  Dr. 
Brewer,  who  says,  in  Birds  of  North  America:  "They  occur  also  in  Southern 
Wisconsin,  in  winter,  where  Mr.  Kumlien  has  several  times  in  successive  win- 
ters obtained  single  individuals." 

149.  Sphyropicus  varius  (Linn.),  Bd.    YELLOW-BELLIED  WOOD- 
PECKER.   Group  IL    Class  a. 

Tills  species  is  an  abundant  summer  resident  in  most  suitable  localities,  but 
during  the  breeding  season  it  is  confined  quite  exclusively  to  forests  and  the 
deeper  woodlands.  At  other  times,  between  the  last  of  March  and  the  first  of 
October,  it  frequents,  besides  its  breeding  haunts,  more  open  woods,  groves, 
orchards  and  villages.  Like  the  preceding  species,  it  is  seldom  seen  upon  the 
ground;  but,  unlike  them,  it  rarely  feeds  upon  wood-boring  larvae.     My  own 
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notes  api)ear  to  indicate,  however,  that  it  is  quite  as  insectivorous  as  they  are. 
•*  The  peculiar  formation  o€  its  tongue,'*  upon  which  some  lay  so  much  stress  in 
deciding  its  ability  to  destroy  insects,  it  should  be  observed,  only  disqualifies  it 
for  obtaining  wood-boring  larvae,  and  not  for  other  insects. 

That  the  Yellow-bellied  Woodpecker  does  sometimes  suck  the  sap  of  trees  i» 
rendered  probable  by  an  instance  which  came  under  my  observation  April  23, 
1878.  On  this  date  one  of  these  birds  was  observed  at  work  on  a  small  pignut 
hickory  standing  on  the  campus  of  Cornell  University.  Two  horizontal  series 
of  holes  had  been  recently  pierced  through  the  bark,  one  c^bove  the  other,  but  on 
nearly  opposite  sides  of  the  tree,  and  separated  by  a  distance  of  about  four  feet. 
The  Woodpecker  was  seen  to  pass  along  each  of  these  series  of  holes  from  one 
end  to  the  other,  deliberately,  but  not  forcibly,  thrusting  its  bill  into  each  suc- 
cessive perforation,  as  if  removing  something  from  it.  When  it  had  visited 
every  hole  it  flew  to  another  tree  of  the  same  kind  standing  near  by;  there  it 
was  seen  to  perform  the  same  operation  upon  a  similar  single  series  of  holes. 
After  loitering  about  the  second  \ree  for  two  or  three  minutes  it  returned  to  the 
first  and  repeated  the  action  already  described,  when,  after  a  short  interval,  it 
repeated  its  visit  to  the  holes  on  the  second  tree.  On  returning  from  dinner, 
about  twenty  minutes  afterwards,  I  found  the  Woodpecker  still  at  work,  and 
the  sap  was  running  down  the  trunk  of  the  tree  from  one  of  the  series  of  holes, 
wetting  it  to  a  distance  of  a  foot  below  the  perforations.  On  examining  these 
holes  they  were  found  to  extend  through  the  bark  and  into  the  wood  to  a  depth 
of  about  an  eiglith  of  an  inch,  and  to  have  a  diameter  but  little  greater  than 
that  of  the  bird's  bill  near  its  base;  toward  the  bottom  they  nai rawed  greatly 
along  their  vertical  axes  and  widened  considerably  along  thdr  horizontal  axes, 
so  as,  at  the  bottom,  to  be  narrowly  oblong  —  so  narrow,  indeed,  as,  in  most 
cases,  to  be  mere  incisions  through  the  inner  bark.  I  have  examined  a  large 
number  of  the  holes  made  by  this  species  in  the  bark  of  the  apple  and  maple, 
and  wherever  there  has  been  a  series  of  holes  the  series  has  always  been  hori- 
zontal, and  the  holes  have  conformed  to  the  description  of  those  above,  except 
that  often  the  wood  was  merely  indented  by  a  close  series  of  punctures.  These 
holes  have  always  been  in  sound  wood,  and  I  have  detected  no  evidence  that  any 
insect  had  been  at  work  beneath  the  bark  at  the  points  where  the  perforations 
were  made;  and  the  holes  have  all  been  so  narrow  where  they  have  passed 
through  the  inner  bark,  that  it  does  not  appear  probable  that  the  inner  bark 
could  have  been  the  object  for  which  these  punctures  were  made. 

This  species  is,  however,  very  generally  accused  of  feeding  extensively  upon 
the  inner  bark  of  trees.  In  regard  to  this  point  Dr.  Brewer  says:  **  In  the  spring 
of  the  year  these  birds  prey  largely  upon  the  inner  bark  of  trees,  and  where 
they  exist  in  great  numbers  they  often  do  a  great  de^l  of  mischief.  In  April, 
1868,  I  visited  gardens  in  Racine,  in  company  with  Dr.  Hoy,  where  these  Wood- 
peckers had  every  successive  spring  committed  their  ravages,  and  was  eye-wit- 
ness to  their  performance.  Their  punctures  were  unlike  those  of  the  pubescenSy 
being  much  deeper,  penetrating  the  inner  bark,  and,  being  repeated  in  close 
proximity,  the  bark  becomes  entirely  stripped  ojff  after  a  while,  often  resulting 
in  the  girdling  and  complete  destruction  of  the  tree.  In  one  garden  of  some 
considerable  size,  all  the  mountain  ash  and  white  pine  trees  had  thus  been  killed. 
In  prairie  countries,  where  trees  are  deficient  and  their  cultivation  both  impor- 
tant and  attended  with  difficulty,  these  birds  prove  a  great  pest,  and  in  a  few 
hours  may  destroy  the  labor  of  many  years."  Dr.  Coues,  in  his  "Key  to  North 
American  Birds,"  in  speaking  of  the  genus  to  which  this  species  belongs,  says: 
**  Birds  of  this  genus  feed  much  upon  fruits,  as  well  as  insects,  and  also,  it  would 
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seem,  upon  soft  inner  bark  (cambium);  they  injure  fruit  trees  by  stripping  off 
the  bark,  sometimes  in  large  areas,  instead  of  simply  boring  holes.'* 

I  have  taken  the  inner  bark  of  trees,  or  some  material  which  closely  resembled 
it,  from  the  stomachs  of  six  out  of  thirty  specimens  which  I  have  examined; 
three  of  these  specimens  were  taken  in  orchards  in  April,  one  in  August  and 
two  in  September.  The  last  three  were  obtained  in  heavy  timber.  It  should  be 
remarked,  however,  that  in  neither  of  these  cases  was  there  more  than  a  trifle 
of  this  material;  so  small,  indeed,  were  the  amounts,  that  they  can  hardly  be  re- 
garded  as  proving  much,  especially  if  it  is  true  that  these  birds  are  sap-suckers, 
for  it  might  readily  have  been  taken  unintentionaUy.  In  cases  where  the  bark 
is  stripped  off  by  these  birds  in  large  areas,  there  would  seem  but  little  doubt  as 
to  the  object  of  the  birds;  but  in  the  case  of  the  punctures  which  these  birds 
usually  make,  it  does  not  appear  that  they  offer  the  best  way  of  getting  at  the 
inner  bark,  and  the  process  necessitates  the  removal  of  a  very  large  amount  of 
bark  in  order  to  furnish  even  a  meager  meal  for  so  large  a  bird.  The  horizontal 
series  of  holes,  too,  would  furnish  the  readi^t  means  of  obtaining  sap,  while 
these  do  not  appear  to  facilitate  especially  the  gathering  of  the  inner  bark.  No 
instance  in  which  the  bark  of  trees  has  been  stripped  off  by  these  birds  has  come 
under  my  observation,  nor  do  I  know  of  an  instance  where  their  puncturings  of 
the  bark  have  been  fatal  or  appreciably  injurious  to  the  tree.  Their  case  must 
stand  open  at  present  for  a  closer  investigation. 

Food:  Of  thirty  specimens  examined,  twenty-six  had  eaten  two  hundred  and 
forty-two  ants;  five,  twenty-two  beetles;  one,  a  crane-fly;  two,  two  grasshop- 
pers; one,  a  caterpillar;  one,  wild  grapes;  one,  dogwood  berries;  one,  small 
seeds;  and  six  had  in  their  stomachs  a  few  bits  of  flbrous  material  Of  those 
birds  which  had  eaten  ants,  flfteen  had  nothing  else  in  their  stomachs. 

Principally  insects,  among  them  beetles  fWilson).  Insects,  worms  and  ber* 
lies  (De  Kay).  Wood-worms,  beetles,  grapes  and  various  berries  (Audubon). 
Several  alcoholic  specimens  sent  to  the  Smithsonian  Institution  by  Dr.  Hoy, 
from  Racine,  were  examined  by  Prof.  S.  F.  Baird,  who  found  in  their  stomachs, 
beetles,  larvae  and  boring  beetles,  ants,  and  fragments  of  the  inner  bark  of  the 
apple  tree  (Dr.  Bryant,  Boston  Soc.  Nat.  Hist.,  X,  91).  Of  four  specimens,  two 
had  eaten  beetles;  one,  hemiptera;  and  three,  wood  (Forbes).  Sucks  sap  from 
the  white  beach  (Am.  Nat,  Vol.  XV,  p.  810,  H.  C.  Bumps). 

150.  Centurus   Cabolinus  (Linn.),  Bp.     RED-BELLIED   WOODPECKER. 

Group  I.    Class  b. 

This  rather  southern  species  is  uncommon  in  Wisconsin.  I  have  taken  but  a 
single  specimen,  in  September,  1876.  Wilson  states  that  many  of  the  young 
which  leave  the  nest  before  they  are  able  to  fly,  and  climb  to  the  top  of  the  trees, 
are  killed  by  Hawks. 

Food:  The  single  specimen  examined  had  in  its  stomach  small  fragments  of 
beetles  and  pieces  of  acorns,  com,  insects  and  Indian  pepper  (Wilson). 

151.  Melanerpes  krythrockphalus  (Linn.),  Sw.    RED-HEADED  WOOD- 
PECKER.   Group  II.    Class  c 

This  species  is  an  abundant  summer  resident  in  openings,  and  in  thickly  set- 
tled heavy  timbered  districts.  It  is  a  frequent  visitor  to  orchards  and  cultivated 
flelds,  but  is  only  occasionally  seen  on  the  ground.  Often  it  sits  upon  a  fence 
post  and  watches  for  passing  insects,  which  it  takes  upon  the  wing  in  the  man- 
ner of  the  Bluebird*    So  far  as  I  have  observed,  it  is  not  destructive  to  wood- 
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boring  larvsd,  and  although  it  feeds  eztensiTely  upon  insects,  other  materials 
furnish  it  with  much  of  its  food.  There  are  some  records  against  it  which 
awaken  grave  apprehensions  as  to  its  usefulness.  Audubon  accuses  it  of  suck- 
ing the  eggs  of  Bluebirds,  Martins  and  Pigeons;  and  in  the  American  Naturalist 
(VoL  XI,  p.  808)  Mr.  Charles  Aldrich  has  a  note  accusing  the  Red-headed  Wood- 
pecker of  killing  very  young  Cayuga  Ducks.  It  kills  the  ducklings  by  a  single 
blow  upon  the  head  and  then  eats  the  brains.  As  this  Woodpecker  performs  no 
work  in  the  destruction  of  insects  peculiar  to  itself,  and  as  it  is  somewhat 
destructive  of  grains  and  fruits,  its  depredations  upon  small  birds  must  be  very 
limited  indeed  to  warrant  any  encouragement  being  extended  to  it. 

Food:  Of  eighteen  specimens  examined,  twelve  had  eaten  beetles,  among 
them  two  long-horns,  one  click-beetle,  one  common  beetle  fSUpha  peltataj,  and 
one  ground-beetle;  one,  a  grasshopper;  two,  three  crickets;  one,  a  caterpillar 
f Edema  aJbifronsJ ;  three,  apples;  two,  wild  black  cherries;  and  one,  com. 

Cherries,  pears,  apples,  berries  of  sour  gum,  com  in  the  milk,  wood-borers, 
bugs,  caterpillars  and  other  insects  (Wilson).  Apples,  pears,  cherries,  Indian 
com  in  the  milk,  and  insects  which  infest  decaying  trees  (De  Kay).  It  is  more 
fond  of  berries  than  most  of  its  relatives  (Samuels).  Cherries,  apples,  pears, 
peaches,  figs,  mulberries,  and  com;  it  sucks  the  eggs  of  Bluebirds,  Martins  and 
Pigeons  (Audubon).  Sap  of  the  sugar  maple  (C.  A.  White,  Am.  Nat,  VIE,  496). 
Young  Cayuga  Ducks  (Charles  Aldrich,  Am.  Nat.,  XI,  808).  Com  from  the 
barnyard,  and  grasshoppers  (Am.  Nat.,  Vol.  Xhl,  p.  522,  C.  Aldrich).  Beetles 
(CetoniidsB),  seeds  of  weeds  and  other  vegetable  matter  (Forbes). 

162.  CoLAPTES  AURATus  (LiNN.),  Sw.     GOLDEN-WINGED  WOODPECKER. 

Oroxtp  II.    Class  a. 

This  species  is  the  most  abundant  and  the  most  terrestrial  of  our  Woodpeckers, 
and  it  is  a  more  frequent  visitor  to  prairies  than  any  of  its  allies.  Open  fields, 
pastures  and  meadows  are  its  favorite  resorts,  and  it  is  only  during  the  migra- 
tions that  it  is  at  all  common  in  heavy  timber  away  from  cultivated  fields.  like 
the  Robin,  it  obtains  its  food  both  upon  and  beneath  the  surface  of  the  ground. 
It  is  especially  fond  of  ants,  and  often  tears  open  their  hills  to  obtain  them;  and 
it  searches  much  among  the  fallen  leaves  and  mould  in  groves  for  chrysalids 
and  insects  in  other  stages.  Like  the  last  species,  it  does  not  appear  to  be  de- 
structive to  wood-boring  larvss.  Ants  appear  to  form  the  greater  part  of  its 
food,  but  it  will  be  seen  that  it  is  quite  destructive  to  some  of  the  ground-beetles, 
usually  regarded  as  beneficiaL 

The  habits  of  ants,  as  to  their  economic  relations,  have  been  so  little  investi- 
gated that  it  is  difficult  to  state  whether  a  bird  which  feeds  largely  upon  them 
renders  a  service  or  an  injury.  The  injury  which  ants  sometimes  do  to  ripe 
pulpy  fruits,  their  protection  to  aphidas  by  warding  off  their  enemies,  and  their 
obstructions  in  the  way  of  ant-hills  which  they  often  build  in  damp  meadows, 
are  bad  traits,  but  lead  to  no  very  marked  evil  consequences.  Some  of  the  leaf- 
cutting  ants  are  undoubtedly  injurious.  On  the  other  hand,  the  fact  that  ants 
are  often  seen  dragging  about  larvae  and  various  forms  of  insects  which  they 
sometimes  carry  into  their  homes,  suggests  that  they  may  be  quite  destructive 
to  insects,  or  scavengers  at  least  The  occurrence  of  bits  of  egg-shell  in  the 
stomach  of  one  of  these  birds  suggests  that  it  may  be  guilty  of  sucking  the  eggs 
of  other  birds. 

Food:  Of  twenty-two  specimens  examined,  seventeen  had  eaten  1,059  ants; 
five,  278  ant  pupae;  four,  27  beetles — among  them  eighteen  ground-beetles 
Vol.  1—87 
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(H&ipelini),  and  a  click-b««t]e;  four,  four  caterpiUars;  two,  chinch-bugs;  two^ 
eleven  chrjeahdB  oF  DtT/acampa  genatoria  (?);  one,  a  wasp;  two,  cherriea;  on«^ 
gntpea;  one,  acoroa;  and  one,  elder  beiriea.  Several  pieces  of  egg-ghell  were  taken 
from  the  stomach  of  one  specimen.  Among  those  which  had  eaten  ants,  four 
hod  eaten  respectively  268,  230,  200  and  163  of  these  inaects.  The  stomachs  of 
those  which  bad  eaten  cbinch-buge  contained  thirty-six  and  seventy-four  each. 
In  the  stomach  of  one  which  had  eaten  beetles  there  were  eleven  ground-beetles 
I'Aniaodac  tylutj. 

Wood-lice,  ants  and  their  pupfe  and  larvee;  cherries  and  berries  of  sour  gum 
(Wilson).  Ants,  caterpillars,  beetles,  various  fruite  and  com  (Audubon).  In- 
sects, berriee  and  grains  (Samuels).  Of  eight  specimens  examined  by  Prof. 
Forbes,  all  had  Bat«n  both  wasps  and  ants. 


Fahilt  STBIGID£:  Owia. 

Fia.  187. 
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163.  ALDCO  FLAMMKD8  PKATINCOLA  (Bp.),  COUES.     AMERICAN  BARN  OWL. 

Group  II,    Class  c. 

This  species  appears  to  be  a  rare  bird  in  all  the  Northern  States  east  of  the 

Kocli;  Mountains,  but  farther  south  it  is  more  abundant    Dr.  Hoy  records  it  aa 

occurring  near  Itacine. 
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Far  too  little  is  yet  definitely  known  in  regard  to  the  real  economic  relations 
of  nearly  all  birds  of  prey  to  fuitisfaotorily  determine  whether  they  render  more 
of  service  than  of  injury.  In  the  '*  Report  on  the  prtxcticabUUif  of  establiahing 
a  close  time  for  the  protection  of  Indigenous  AnimcUSt''  there  is  no  doubt 
expressed  in  regard  to  the  great  utility  of  Owls,  it  being  there  affirmed 
that  these  birds  are  of  the  greatest  use  to  the  agriculturist  in  destroying 
the  small  mammals  which  injure  his  crops.  However  serviceable  Owls 
may  be  to  the  agriculturist  in  England  in  destroying  noxious  mammals, 
the  evidence  in  regard  to  the  food  of  the  Little  Barn  Owl,  as  determined  by  Dr. 
Altum,  indicates  that  it  is  nearly  as  destructive  to  useful  animals  as  it  is  to  those 
which  are  detrimental.  It  will  be  seen  that  of  the  remains  of  2,562  small  animals 
discovered  in  the  pellets  which  Dr.  Altum  examined,  there  were  the  remains  of 
1,204  Bats,  Shrews,  Moles  and  birds,  all  of  which  are  insectivorous,  and,  there- 
fore, presumably  beneficial  ^  and  especially  so  since  the  mammals  are  nocturnal. 
In  view  of  the  fact  that  field-mice  do  not  appear  to  become  more  abundant  in 
thickly  settled  districts,  as  Hawks  and  Owls  diminish  in  numbeif ,  it  is  evident 
that  there  are  other  powerful  checks  which  oppose  them,  and  that  an  Owl  or 
Hawk  which  feeds  extensively  upon  bats,  shrews,  moles  or  birds  must  be 
regarded  as  injurious  so  far  as  its  food  is  concerned,  even  though  it  may  be  more 
destructive  to  rats  and  mice  than  to  these  animals.  The  destruction  of  one 
field-mouse  cannot  compensate  for  the  life  of  a  bat  or  mole. 

Dr.  Brewer  regards  the  Bam  Owl  as  one  of  our  most  useful  birds,  and  at- 
tributes its  rarity  in  the  Eastern  States,  and  its  thoughtless  destruction,  to  short- 
sighted and  mistaken  prejudice.  It  is  certainly  to  be  hoped  that  the  opinion  of 
Dr.  Brewer  will  be  speedily  confirmed,  but  facts,  so  far  as  we  know  them,  and 
the  great  need  of  a  more  ample  abundance  of  smiall  birds,  do  not  appear  to  bear 
him  out. 

Food:  The  stomach  of  one  contained  four  mice  (Wilson).  Shrews,  moles  and 
field-mice  (De  Kay).  Principally  field-mice  and  rats  (Audubon).  Rats,  mice  and 
other  mischievous  and  injurious  vermin  (Brewer). 

154.  Bubo  Vikoinianus  (Gm.),  Bp.    GREAT  HORNED  OWL.    Group  III. 

Class  b. 

This  powerful  bird  is  a  resident  throughout  the  year  and  chiefly  a  forest  bird. 
It  is  quite  common,  and  often  killed  out  of  mere  curiosity.  Dr.  Brewer  states 
that  it  is  one  of  the  most  destructive  of  the  depredators  upon  the  poultry  yard, 
far  surpassing  in  this  respect  our  Hawks.  All  of  its  mischief  is  done  at  night, 
when  it  is  almost  impossible  to  detect  cmd  punish  it. 

Food:  Chipmunks,  striped-snakes  and  water-snakes. 

Young  rabbits,  squirrels,  rats,  mice.  Partridges,  the  Golden-winged  Wood-   ' 
pecker,  common  Crow,  and  varioiis  other  small  birds  and  poultry  (Wilson).    The 
larger  birds,  poultry,  and  fish  cast  upon  the  shore  (De  Kay).    Rabbits,  Grouse  - 
and  other  birds;  is  very  destructive  to  poultry  roosting  on  trees  (Samuels). 
Chiefly  the  larger  gallinaceous  birds,  several  species  of  ducks,  hares,  young 
opossums,  squirrels,  and  flsh  cast  upon  the  shore  (Audubon).    Shrews  and 
arvicolce  (Mr.  Ross).    Rabbits,  mice,  muskrats  and  Partridges  (Mr.  Gunn).    Mr. 
Street,  in  experimenting  upon  a  young  caged  bird,  found  it  especially  fond  of 
fish  and  snakes,  and  was  led  to  conclude  that  it  does  not  prey  upon  quadrupedfijKt 
larger  than  the  hare,  that  it  is  rarely  able  to  seize  small  birds,  and  that  reptile^^ 
and  fish  form  no  inconsiderable  portion  of  its  food  (Brewer).    Dr.  Hoy  mentions 
an  instance  in  which  a  flne  Red-shouldered  Hawk  was  killed  and  eaten  by  a 
caged  specimen  of  this  species. 
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Bvbo  Virginiantia  arcticus  is  a  northern  form  which  occurs  rarely  as  a 
winter  visitant.  Dr.  Hoy  knew  of  one  of  tlieoe  birds  which  carried  ojff  from 
one  farm  in  the  space  of  a  month  not  less  than  twenty-seven  individuals  of 
various  kinds  of  poultiy  before  it  was  shot. 

156.  Scops  asio  (Linn.),  Bp.  RED  OWL;  MOTTLED  OWL;  SCREECH  OWL. 

Group  III.    Class  b. 

Common.  Resident.  It  is  a  frequent  visitor  to  dwellings,  but  its  small  size 
renders  it  harmless  to  poultry,  except  when  young.  It  feeds  extensively  upon 
insects,  but  some  of  these  are  diurnal  and  preyed  upon  by  many  other  birds. 
Its  familiarity,  its  haunts  and  its  destruction  of  small  birds  are  such  that  should 
it  be  found  possible  for  our  feathered  friends  to  assume  an  over-abundance,  it 
may  be  expected  to  prove  very  effectual  in  holding  them  within  proper  bounds. 

Food:  The  stomach  of  one  specimen  examined  was  distended  with  ten  large 
caterpillars  and  six  grasshoppers,  and  contained  a  few  small  seeds. 

Mice,  small  birds,  crickets  and  beetles  (Wilson).  Small  birds,  mice  and  insects 
(Cooper).  Mice  and  insects  (De  K&j),  Injurious  night-flying  moths  and  beetles, 
small  mammals,  and  occasionally  birds  (Samuels).  Small  birds,  field-mice  and 
moles  (Audubon).  Golden-winged  Woodpecker  (Mr.  A.  Fowler).  Mice,  beetles 
and  vermin;  occasionally,  when  they  have  young,  small  birds  (Brewer).  Nuttall 
mentions  finding  in  a  hollow  stump  which  contained  a  single  brood  of  this 
species  several  Bluebirds  and  Song  Sparrows. 

156.  Asio  Wilsonianus  (Less.),  Coxjes.    AMERICAN  LONG-EARED  OWL. 

Group  II.    Class  c 

This  Owl  is  quite  common,  and  frequents  cultivated  fields  and  the  vicinity  of 
dwellings  at  night.     During  the  day  it  affects  groves  and  woods,  where  it  nests. 

Food:  Three  out  of  four  specimens  examined  had  their  stomachs  entirely 
empty;  in  the  fourth  there  were  a  few  hairs  of  some  mouse. 

Entirely  small  mammals;  it  is  doubtful  if  they  ever  attack  poultry  (Cooper). 
Smaller  quadnipc^ds  and  birds  (De  Kay).  Chiefly  quadrupeds,  insects,  and,  to 
some  extent,  small  birds;  Audubon  mentions  finding  the  stomach  of  one  stuffed 
with  feathers,  liairs  and  bones  (Brewer). 

157.  Asio  accipiterinus  (Pall.),  Newt.    SHORT-EARED  OWL.    Group  II. 

Class  c. 

Mr.  Nelson  speaks  of  this  species  as  the  most  abundant  Owl  in  Northeastern 
Illinois,  where  it  arrives  in  large  numbers  the  first  of  November,  and  disperses 
through  the  state.  It  frequents  marshes  and  prairies  in  preference  to  woodlands, 
and  is  thus  brought  especially  in  contact  with  field-mice. 

Food:  It  is  said  to  be  an  excellent  mouser  (Wilson).  Almost  exclusively  field- 
mice  and  hard-winged  insects  (De  Kay).  Pellets  disgorged  by  this  Owl,  and 
found  near  its  nest,  consisted  of  the  bones  of  small  quadrupeds,  mixed  with  hair 
and  the  wings  of  beetles  (Audubon). 

158.  Strix  cinerea,  Gm.    GREAT  GREY  OWL.    Group  IIL    Class  1 

While  this  species  is  only  a  winter  resident,  its  destructiveness  to  small  birds 
unites  it  closely  to  agricultural  interests  even  when  it  is  in  its  summer  home. 

Food:  Mr.  Dall  found  its  food  to  consist  principally  of  small  birds.  At  one 
time  he  took  from  the  stomach  of  one  of  these  birds  no  less  than  thirteen  crania 
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and  other  remains  of  the  Pine  Linnet  {'jEgiothus  linariusj,  Mr.  Richardson 
states  tliat  it  feeds  principally  upon  hares  and  other  small  quadrupeds  (Brewer). 
Audubon  mentions  a  caged  bird  which  fed  readily  upon  Ush  and  small  birds. 

159.  Strix  nebulosa,  Forst.    BARRED  OWL.    Group  J II.    Class  b. 

This  Owl  is  a  resident  throughout  the  year  and  perhaps  is  our  most  abundant 
species.    It  is  a  woodland  species,  and,  though  nocturnal,  is  often  abroad  by  day. 

Food:  Two  out  of  three  specimens  examined  had  their  stomachs  empty;  the 
third  had  in  its  stomach  the  crania  of  two  mice. 

Fowls,  Partridges,  young  rabbits  and  mice  (Wilson).  Rats,  mice  and  the 
smaller  birds  (De  Kay).    Small  birds,  field-mice,  reptiles,  and  frogs  (Samuels). 

160.  Nyctea  scandiaca  (Unn.),  Newt.    GREAT  WHITE  OR  SNOWY 

OWL.    Group  II.    Class  c. 

This  large,  imposing  species  is  a  winter  resident  and  sometimes  quite  com- 
mon. It  is  said  to  hunt  by  day  as  well  as  by  night,  and  Mr.  Samuels  has  seen 
one  pursue  and  capture  from  a  flock  a  Snow  Bunting  ^P.  nivalisj,  Audubon 
speaks  of  its  habit  of  catching  fish. 

Food:  It  is  said  to  feed  upon  hares,  mice,  grouse,  ducks,  fish  and  carrion 
(Wilson).  Rabbits,  White  Grouse,  mice  and  other  small  animals  (Cooper).  Fish 
and  small  quadrupeds  (De  Elay).  Fish  thrown  up  by  the  tide,  wounded  sea 
fowl  and  other  birds,  and  dead  animals  (Samuels).  Fish,  hare^,  squirrels,  rats, 
and  muskrats,  which  it  sometimes  takes  from  the  traps  of  hunters,  and  Anas 
bo8cas  (Audubon). 

161.  SURNLA.  FURNEREA  (LiNN.),  RiCH.  &  Sw.     AMERICAN  HAWK  OWL. 

Group  IIL    Class  K 

This  is  the  most  diurnal  of  all  our  Owls,  and,  like  other  birds,  retires  to  roost 
at  night,  but  it  hunts  to  some  extent  during  the  twilight.  It  is  known  to  capt- 
ure birds,  both  large  and  small,  and  Mr.  Samuels  states  that  a  specimen  was 
obtained  in  Vermont  on  a  woodpile,  where  it  was  eating  a  Woodpecker  which  it 
had  just  captured. 

Food:  It  feeds  chiefly  upon  ^eld-mice  fArvicola J;  also  upon  small  birds  and 
grasshoppers  (Coues).  Partridges  and  other  birds  (Wilson).  Mice  and  small 
birds  (De  Kay).  Woodpeckci*s  and  other  small  birds,  and  mice  (Samuels).  In 
summer,  principally  mice  and  insects;  in  winter,  Ptarmagan,  upon  flocks  of 
which  it  is  a  constant  attendant  (Richardson).    Principally  mice  (Mr.  Dall). 

162.  Nyctala  Tengmalmi  Richardsoni  (Bp.),  Rido.    RICHARDSON'S  OWL. 

Group  III.    Class  b. 

This  species  is  reported  by  Dr.  Hoy  to  have  been  taken  in  Wisconsin.  It  is, 
however,  described  as  the  most  decidedly  boreal  of  any  of  the  American  Owls, 
and  Mr.  Nelson  does  not  include  it  in  his  *'  Birds  of  Northeastern  Illinois."  Sir 
John  Ricliardson  speaks  of  its  very  great  abundance  in  the  Saskatchewan 
country.  Mr.  Ross  says  that  it  is  a  fierce  bird  and  creates  great  havoc  among 
the  Linnets  and  other  small  birds. 

Food:  Its  food  is  principally  insects,  although  mice  and  the  smallest  birds  are 
also  captured  (Coues).     Linnets  and  other  small  birds  (B.  R.  Ross). 


5^  EOOK<naC  BELATIONS  OF  OCB  BISDS. 

193.  ^Ttctau  acamca  <Gx.),  BT.    ACADIAN  OB  SAW- WHET  OWL   Gkoct 

II.     CLUBt^ 

This  exqniatte  Gttle  apeeiea  does  not  appear  to  be  abondant  aayhe«a  in  tbe 
United  SUtea.  I  harv  obtamed  bat »  Biq>  ^-^"'-".  ami  thia  was  foond  ikad 
near  WfattemUer,  December  KK  18T7.  Mr.  Selaaa  qie«kB  of  in  not  nnanuDoa 
ocatrrtncB  in  IDinoia,  and  over  a  docen  qwcimena  were  taken  in  the  ctty  of 
Chicago  witfain  two  j^an.  It  is  aeldom  abtoad  t^  daj-  and  fieqnmllj  rwiaa 
about  dwelliD^k  bat  it  ■•  tuo  diminntiTe  to  be  deatractiTv  to  pooltiT. 

Food:  It  is  a  dexteroo*  maoMr  (Wilaon).  OnMll  biids  and  inaecta  (Da  Kaj). 
Cbiefl7  inaecU  (Cooca). 


Fault  FALCOSIDX:  Hawzs. 


ITitwi  /bleu  (pm-RTiuV    After  Bd.   Br  and  Kul^ 


The  Barrier  is  by  far  our  most  abandaot  represL-DtatiTe  of  thia  family,  apd  a 
summer  rendenl.  Host  of  iU  time  w  Epeat  in  soarioi;  over  treeless  tracts  in 
(|ui-ht  of  food,  but  marshes  and  the  vicinitj  of  water  are  its  favorite  rescrts.  It 
lacks  the  spirit  and  dashing  movement  of  Falcons,  and  for  this  reason  is  not  as 
dangtrouB  to  mature  birds;  the  joung.  however,  of  species  which  breed  in 
marshes  and  meadows  may  suffer  greatly  from  ila  depredations.  Wilson  state) 
that  it  makes  sad  havoc  among  the  Rice  Buntings  in  the  S^iiith.  and  Audnboa 
accuses  it  of  feeding  extensively  upon  the  Swamp  Sparrow  in  some  locaUtiea, 
while  lit.  Cooes  has  found  it  particularly  fond  of  frogs.    It  rarely  molests  puul- 
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try,  but,  when  pressed  by  hunger,  has  been  known  to  attack  Partridges,  Plovers, 
and  even  Teal. 

Food:  Of  two  specimens  examined,  one  had  in  its  stomach  four,  and  the  other 
two  meadow-mice  fArvicola),  1  saw  one  capture  a  striped  gopher  (Sperma- 
philes  tridecem  lineattuj,  and  another,  a  Red-winged  Blackbird.  Insects,  espe- 
oiaUy  grasshoppers,  frogs,  small  quadrupeds  and  reptiles  (Coues).  Mice  and  the 
Rice-biid  in  the  south  (Wilson).  Small  birds,  mice,  occasionally  poultry,  snakes 
and  grasshoppers  (Cooper).  Field-mice  (Samuels).  Swamp  Sparrow,  Chipping 
Sparrow  and  Virginia  Rail  (Audubon).  Small  birds  and  mice  (Mr.  Gunn).  An  in- 
discriminate feeder  upon  snakes,  fish,  and  even  worms;  I  took  two  green  snakes 
from  the  stomach  of  one  of  them  (Downee).  Mice,  lizards,  serpents  and  other 
reptiles,  frogs,  and  occasionally  poultry  (De  Kay).  I  have  lately  seen  this  bird 
digging  open  the  ridges  formed  by  SecUoptu  aguatieuSf  and  I  once  saw  the  bird 
overtake  and  kill  the  beast,  but  it  did  not  eat  it  (Charles  C.  Abbott,  Am.  Nat., 
IV,  877). 

166.  Elakoxdbs  fobficatus  (Lnm.),  Coubs.    SWALLOW-TAILED  KITE. 

Oboup  L    Class  b. 

Tina  species  is  rare  in  the  eastern  part  of  the  state,  but  is  said  to  occur  more 
frequently  along  the  Mississippi,  where  it  is  a  summer  resident.  It  is  extremely 
swift  and  expert  in  its  aerial  movements,  but  I  find  no  records  which  indicate 
that  it  is  ever  destructive  to  small  birds. 

Food:  Cicadas,  lizards  and  small  green  snakes  (Wilson).  Snakes,  lizards  and 
other  reptiles  (De  E[ay).  Catches  insects  over  the  burning  fields  of  the  south 
(Major  Le  Conte).  They  feed  upon  dragon-flies,  but  their  principal  food  is  grass- 
hoppers, grass-caterpillars,  pupae  of  locusts  and  the  locusts  themselves,  snakes, 
lizards  and  frogs  (Audubon).  Grasshoppers  and  the  grubs  of  wasps,  to  obtain 
which  it  carries  the  nest  to  a  tree  and  picks  out  the  grubs  at  its  leisure  (Dresser). 
Snakes,  particularly  a  little  green  one  fLeptophis  ativacej,  and  the  different 
species  of  Eutcenia;  later  in  summer  largely  insects,  especially  neuroptera 
(Ridgway).    It  preys  upon  swarms  of  bees  (R.  Owen,  Ibis,  1860,  p.  24). 

Ictinia  MissiasippiensU  has  been  noted  in  the  state,  but  later  observations 
have  not  detected  it. 

186.  AociPiTEE  Fuscus  (Gm.),  Bp.    SHARP-SHINNED  HAWK;  PIGEON 

HAWK.    Gboxtp  1L    Class  c 

This  spirited  little  Hawk  is  common  during  the  fall  migrations,  and  a  few  are 
summer  residents.  Wilson  states  that  it  flies  with  almost  imaccountable  veloc- 
ity, and  seems  to  take  its  prey  by  surprise  or  by  mere  force  of  flight.  '*  Many 
have  been  the  times,''  says  Audubon,  "when  watching  this  vigilant,  active  and 
industrious  bird,  I  have  seen  it  plunge  headlong  among  the  brier  patches  of 
one  of  our  old  fields,  in  defiance  of  all  thorny  obstacles;  and,  passing  through, 
emerge  on  the  other  side,  bearing  off,  with  exultation,  in  its  sharp  claws,  a  Finch 
or  Sparrow  which  it  had  surprised  when  at  rest."  The  same  writer  has  wit- 
nessed two  or  three  of  these  Hawks,  acting  in  concert,  kill  and  devour  a  Golden- 
winged  Woodpecker.  It  appears  to  be  chiefly  a  woodland  species,  but  sometimes 
comes  about  dwellings  for  domestic  pigeons  and  young  chickens.  Nuttall  knew 
of  one  of  these  Hawks  which  carried  off  thirty  or  forty  chickens  from  a  single 
yard. 

Food:  The  single  specimen  which  I  have  examined  had  nothing  in  its  stomach. 

The  Scarlet  Tanager  and  other  small  bunis,  lizards  and  mice  (Wilson).    They 
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have  been  known  to  take  joong  chickens  (Cooper).  Birds,  reptiles,  insects  and 
poultry  (De  Kay).  Principally  birds  (Samuels).  Frequently  destructive  to  doves 
and  young  poultry  (NuttaJl).  Small  snakes  and  insects  (Brewer).  PrincipaDy 
snakes  and  insects  (Coues).    Swamp  Sparrow  and  Chipping  Sparrow  (Audubon). 

le?.  AociPiTEB  CooPEBi,  Bp.    COOPER'S  HAWK;  CHICKEN  HAWK. 

Group  IIL    Class  b. 

This  Hawk  is  much  larger,  more  audacious,  feeds  less  upon  insects,  and  ia 
more  destructive  to  poultry  than  its  ccmgener.  Its  flight  is  described  as  silent, 
gliding  and  swift,  exceeding  that  ot  the  Wild  Pigeon.  It  is  said  to  secure  its 
prey  by  giving  open  chase,  and  to  dive  down  upon  its  quarry  with  almost  incred* 
ible  velocity.  With  such  powers  and  tendencies  as  these,  and  living  constantly 
among  our  most  useful  birds,  which  it  follows  south  to  their  winter  homes,  this 
Hawk  is  evidently  a  most  dangerous  species.  ' 

Food:  Often  comes  to  the  very  door  for  poultry  (Wilson).  Chiefly  the  smaller 
birds  (De  Kay).  Hares,  squirrels,  poultry,  Grouse,  Ducks,  small  birds,  snakes 
and  other  reptiles,  grasshoppers  and  crickets  (Samuels).  The  Ruffed  Grouse 
(Brewer).  Many  Quails  and  young  Grouse,  which,  together  with  poultry,  con- 
stitute their  principal  fare  (Dr.  Hoy).  It  attacks  and  destroys  hares.  Grouse, 
Teal,  and  even  the  young  of  larger  ducks,  beside  capturing  the  usual  variety  of 
smaller  birds  and  quadrupeds,  and  it  occasionally  seizes  upon  insects  (Coues). 

lea.  ASTDB  ATRICAFILLU8  ( WiL& ),  Bp.    AMERICAN  GOSHAWK.    Group  III. 

Class  b. 

This  large,  powerful  species  is  a  somewhat  uncommon  winter  resident.  De- 
cember 5,  1877,  one  of  these  birds  was  taken  while  it  was  making  an  attack  upon 
the  inmates  of  a  dove-cot.  The  day  before  the  same  Hawk  succeeded  in  captur- 
ing, by  direct  chase,  a  dove,  which  it  bore  off  for  its  morning  repast.  Its  flight 
is  extremely  rapid  and  protracted;  and  Auduboa  has  seen  it  dash  into  a  flock  of 
Purple  Grackles  and  before  they  could  disperse  secure  four  or  live  victims.  So 
skillful  is  it  said  to  be  in  capturing  Snipe  on  the  wing,  that  these  birds  court  se- 
curity by  skulking  upon  the  ground  rather  than  taking  flight,  when  they  observe 
the  approach  of  their  enemy. 

Food:  In  February,  1881,  I  obtained  a  specimen  which  had  eaten  a  rabbit. 

Doves  and  poultry.  Ducks,  Pigeons,  hares,  etc.  (De  Kay).  Canada  and  Ruffed 
Grouse,  Purple  Grackles,  Pigeons,  Mallards  and  other  wild  Ducks,  Snipe,  squirrels, 
and  hares  (Audubon).  Grouse  (Mr.  Street).  Ducks,  Pigeous  and  poultry  (Mr. 
Downes).  It  feeds  largely  upon  WJiite  Ptarmagan  (Mr.  Dallj.  Poultry  (Dr. 
Hoy). 

169.  Faloo  pereorinus,  TtJNSTALL.    PEREGRINE  FALCON;  DUCK  HAWK. 

Group  III.    Class  a. 

This  species  rarely  occurs  except  as  a  migrant,  and  as  such  it  is  not  very  com- 
mon. It  is  a  powerful  bird,  and  its  gigantic  talons  are  commensurate  with  its 
audacity  and  courage.  It  can  out-fly  the  Wild  Pigeon,  and  the  short  turnings  of 
the  Swallow  do  not  secure  it  against  fatal  attacks  from  this  bird. 

Food:  Ducks,  GJeese,  Plovers,  and  other  small  birds  (Wilson).  Swallows, 
Ducks,  and  other  water-fowl  (Cooper).  It  attacks  the  Sparrow  Hawk  and  any- 
thing from  the  size  of  a  Mallard  down  to  small  birds.  It  captures  the  Dusky 
Petrel  (Col.  Grayson).  Wild  Pigeon,  water-fowl,  and  small  birds  (Richardson). 
The  Mallard  and  other  Ducks,  Snipe,  Blackbirds,  wild  and  domestic  Pigeons^ 
and  occasionally  dead  fish  (Audubon).    Blue-winged  Teal  (Dr.  Hoy). 
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170.  Faloo  Columbakius,  Linn.    PIGEON  HAWK    Group  IIL    Class  b. 

* 

This  spirited,  swift- winged  little  Hawk  has  been  described  as  one  of  the  most 
destructiYe  of  its  tribe.  It  captures  birds  upon  the  wing  with  little  difficulty, 
and  is  so  audacious  as  to  destroy  Ptarmagan  birds  larger  than  itself.  Its  sagacity 
leads  it  to  take  advantage  of  gregarious  species,  and  it  follows  all  our  birds  in 
their  migrations  north  and  south.  Dr.  H07  states  that  those  which  nest  near 
Racine,  regularly,  morning  and  evening,  visit  the  lake  shore  in  quest  of  Bank 
Swallows  which  they  seize  with  great  dexterity.  It  appears  to  breed,  as  a  rule, 
north  of  the  United  States,  but  Mr.  Nelson  mentions  it  as  a  rare  summer  resident 
in  Illinois. 

Food:  Small  birds  and  mice.  It  often  follows  flocks  of  Blackbirds,  Pigeons 
and  Robins — many  of  which  become  its  victims  (Wilson).  It  catches  birds  as 
large  as  itself,  follows  gregarious  species,  and  preys  much  upon  mice,  gophers, 
and  squirrels  (Cooper).  Destroys  Robins,  Bluebirds  and  Sparrows  in  great  num- 
bers, and  attacks  the  Pigeon  and  Dove  (Samuels).  Robin,  Wild  Pigeon,  Golden- 
winged  Woodpecker,  Yellow-billed  Cuckoo,  and  pursues  Snipe  and  Teal 
(Audubon).  Bank  Swallows  (Dr.  Hoy).  Feeds  upon  small  birds,  but  is  not 
troublesome  to  farmers  (Mr.  Downes). 

Falco  Richardsonii  is  said  to  have  been  taken  near  Racine. 

171.  Faloo  sparverius,  Linn.     SPARROW  HAWK.     Group  IL     Class  c. 

Except  the  Marsh  Harrier,  no  Hawk  is  as  abundant  as  this  little  Falcon.  It 
is  more  abundant  in  wooded  districts  than  in  prairie  sections,  and  the  borders  of 
woodlands  and  fields  with  scattering  trees  are  its  favorite  resorts.  It  is  too 
small  to  be  destructive  to  poultry,  except  when  very  young,  but  it  is  none 
the  less  dangerous  on  this  account  to  our  most  useful  small  birds.  It  captures 
birds  on  the  wing  with  little  difficulty,  is  more  than  a  match  for  the  Brown 
Thrasher,  and  tears  open  the  bottle-shaped  nest  of  the  Cliff  Swallow  to  secure 
the  inmates.  When  autumn  comes  and  our  birds  go  south,  **  in  their  rear  rushes 
the  Sparrow  Hawk."  I  have  seen  this  species  come  close  to  a  house  and  attempt 
to  capture  one  of  a  brood  of  young  Robins  which  had  recently  left  the  nest. 
At  another  time  a  Song  Sparrow  only  escaped  its  pursuer  by  diving  into  a  brush 
pile;  and  once  one  of  these  Hawks  flew  close  over  my  head,  bearing  off  a  small 
bird  in  its  talons.  But  its  food  does  not  consist  of  birds  alone.  Indeed,  it  con- 
sumes so  many  noxious  insects,  and  is  such  an  excellent  mouser,  that  Dr.  Coues 
says  it  is  to  be  held  a  benefactor  to  the  agriculturist,  aad  this  view  is  also  enter- 
tained by  Dr.  Cooper.  My  own  notes,  viewed  with  reference  to  the  conditions 
stated  in  the  Introduction,  do  not,  however,  point  in  this  direction.  It  will  b.> 
seen  that  it  is  very  destructive  to  noxious  insects,  but  it  should  be  observed  that 
these  insects  are  destroyed  in  great  numbers  by  many  less  dangerous  species. 
As  an  insect  destroyer  it  is  not,  therefore,  especially  needed.  Small  birds  are 
not  so  abundant  at  present  as  to  demand  the  assistance  of  a  large  number  of 
Birds  of  Prey  to  hold  them  in  ^heck;  and  plows,  cultivators,  reapers,  mowers 
and  horse-rakes  work  such  havoc  among  field-mice  as  to  preclude  their  ever  be- 
coming excessively  abundant  in  regions  where  these  implements  are  used.  For 
this  reason  the  service  wldch  Rapacious  Birds  render  by  destroying  mice  in  agri- 
cultural districts  is  not  as  great  as  it  appears  to  be. 

Food:  Of  seven  specimens  examined,  two  had  eaten  two  mice;  four,  twenty- 
five  grasshoppers;  three,  twenty-five  crickets;  one,  six  beetles;  one,  five  moths; 
and  one,  two  hairy  caterpillars  (ArctiaJ.  One  was  seen  to  take  a  young  Robin 
from  the  nest  and  one  to  capture  another  bird  not  identified* 
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The  young  are  fed  upon  grarahoppers,  mice,  Robins,  Snowbirds  and  small 
birds.  The  food  of  the  old  bird  is  the  same  with  the  addition  of  lizarda  and  oc- 
casionally chickens.  When  grasshoppers  are  plenty  these  form  a  considerable 
part  of  its  food  (Wilson).  Chiefly  grasshoppers,  mice,  gophers,  etc.  (Cooper). 
Small  birds,  but  chiefly  quadrupeds,  reptiles  and  insects  (De  Kay),  Small  birds, 
young  chickens,  mice,  lizards,  snakes  and  grasshoppers  (Samuels).  Sparrows, 
mice,  grasshoppers  and  crickets  (Audubon).  The  Cliff  Swallow,  Field  Sparrow 
and  other  birds,  mice,  lizards,  snakes  and  grasshoppers  (Brewer).  Sparrows,  the 
Brown  Thrush  and  other  birds,  lizards  fScdoporusJy  field-mice  and  noxious  in- 
sects (Coues).    Small  birds,  fleld-mice,  shrews  and  small  reptiles  (E.  Miohener). 

173.  BuTFX)  BOREALis  (Gm.),  Yisill.    RED-TAILED  BUZZARD;  HEN 

HAWK.    Group  I L    Class  c. 

In  speaking  of  this  Hawk  and  its  close  allies  Dr.  (Ik)ue8  says:  **  They  are  un- 
fitted, both  by  their  physical  organization  and  temperament,  for  the  daring  feats 
that  the  Falcons  and  Hawks  execute,  and  usually  prey  upon  game  disproportion- 
ate to  their  size,  which  they  snatch  as  they  pass  along.  I  have,  however,  found 
nearly  the  whole  of  a  rabbit  in  its  craw."  While  such  sluggish  species  are  far 
less  liable  to  be  destructive  to  mature  birds,  they  may  be  expected  to  be  propor- 
tionally even  more  dangerous  plunderers  of  birds*  nests  than  the  swifter  winged 
species.  Necessarily  restricted  to  slow-moving  prey,  while  their  appetite  for 
fiesli  remains,  they  are  forced  to  a  diligent  and  scrutinizing  search,  and  are  thus 
likely  to  be  brought  in  contact  with  the  hidden  nests  of  birds.  Of  two  Hawks 
which  prey  upon  birds,  the  addicted  nest-robber  is  the  more  dangerous. 

Food:  Hens,  frogs  and  lizards  (Wilson).  Small  quadrupeds  and  poultry  (De 
Kay).  Very  destructive  to  poultry,  and  feeds  upon  the  Ruffed  Grouse  and 
hares  (Samuels).  Small  quadrupeds,  small  birds,  and  snakes  (Brewer).  Mar- 
mots (Richardson). 

178.  BuTEO  LiNEATUS  (Gm.),  Jard.    RED-SHOULDERED  HAWK.    Group 

HI.    Class  b. 

A  common  summer  resident,  keeping  closely  to  the  woods  except  during  the 
migrations. 

Food:  One  specimen  examined  had  eaten  only  grasshoppers  and  beetles. 

Larks,  Sandpipers,  Ring-necked  Plovers  and  Ducks  (Wilson).  Partridges,  Pig- 
e(Mis,  wounded  Ducks,  Red-winged  Blackbirds,  squirrels,  cotton-rats,  meadow- 
mice  and  frogs  (Audubon).  Small  birds  and  quadrupeds  (De  Kay).  Frogs,  cray-fish 
and  insects,  rarely  troubling  large  game  (Nuttall).  It  is  a  dexterous  catcher  of 
frogs,  with  which  it  sometimes  so  stuffs  itself  that  it  can  hardly  fly  (Brewer). 
Frogs,  cray-fish  and  insects  (Nuttall). 

174.  BuTEO  SwAiNSONi,  Bp.    SWAINSON'S  BUZZARD.    Group  II.   Class  c 

Not  coruraon.    A  summer  resident. 

Dr.  Coues  says  of  this  species:  **  Though  really  strong  and  sufficiently  fierce 
birds,  they  lack  the  *  snap  *  of  the  Falcons  and  Asturs;  and  I  scarcely  think  they 
ore  smart  enough  to  catch  birds  very  often.  I  saw  one  make  the  attempt  on  a 
Lark  Bunting.  The  Hawk  poised  in  the  air,  at  a  height  of  about  twenty  yards, 
for  fully  a  minute,  fell  heavily  with  an  awkward  thrust  of  the  talons,  and 
missed.  .  .  .  They  procure  gophers,  mice  and  other  small  quadrupeds,  both 
by  waiting  patiently  at  the  mouth  of  the  holes,  ready  to  claw  out  the  unlucky 
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animals  the  moment  they  show  their  noses,  and  by  sailing  low  over  the  ground 
to  pick  up  such  as  they  may  find  away  from  home.  But  I  question  whether, 
after  all,  insects  do  not  furnish  their  principal  subsistence.  Those  that  I  shot 
after  midsummer  all  had  their  craws  stuffed  with  grasshoppers.** 

Food:  Two  whole  toads  were  found  in  the  stomach  of  one  (Richardson). 
Three  toads  were  found  in  the  stomach  of  one  (Blakinston).  Rabbits,  squirrels, 
mice,  ducks  and  white-fish  (Dall).  Its  principal  food  is  grasshoppers,  prairie-rats 
and  small  birds  (Brewer).  Gophers,  mice,  small  quadrupeds  and  grasshoppers 
(Coues). 

Mr.  W.  Hoffman  records  an  instance  where  an  Icterus  Bullocki  nested  withm 
eight  feet  of  the  nest  of  a  pair  of  these  Hawks,  and  states  that  the  birds 
appeared  to  live  together  in  harmony. 

175.  BUTBO  Pennstlvanicus   (Was.),  Bp.     BROAD- WINGED  BUZZARD. 

Qboup  II.    Class  c 

Common  in  the  northern  portions  of  the  state,  where  it  breeds  in  the  heavy 
timber. 

Food:  A  specimen  taken  in  Clark  county  had  in  its  stomach  seven  large 
lamellicom  beetles  and  two  grasshoppers,  together  with  a  few  small  fragments 
of  bones. 

The  White-throated  Sparrow  and  other  small  birds,  squirrels  and  insects 
rWilson).  Frogs  and  species  of  common  field  locusts  (William  Cowper).  Small 
birds  and  quadrupeds,  wood  frogs  and  snakes  (Audubon).  Chickens,  ducklings, 
animals  and  insects.    It  only  attacks  birds  of  a  weak  nature  (Brewer). 


176.  Abcuibutbo  laoopus  Sancti-Johannis  (Gm.),  Ridg.  AMERICAN  ROUGH- 

LEGGED  HAWK.    Gboup  IU.    Class  b. 

This  is  a  northern  species,  and  probably  but  rarely  a  summer  resident.  A  few 
are  said  to  spend  mild  winters  in  the  state.  Mr.  Nelson  states  that  it  arrives  in 
large  numbers  in  October  in  Northeastern  Illinois  and  after  a  few  weeks  passes 
further  south.  Its  plumage  is  owl-like,  its  flight  noiseless,  and  its  search  for 
food  often  continued  long  into  the  evening. 

Food:  Mice,  lame  ducks,  lizards  and  frogs  (Wilson).  It  rarely  attacks  poultry 
(Cooper).  Mice,  small  birds,  frogs,  etc.  (De  Kay).  Principally  mice,  moles  and 
other  small  quadrupeds  and  frogs  (Andubon).  Mice,  wounded  ducks  and  small 
binle  (Samuels).    Rats  (R.  H.  and  F.  H.  Storer). 

177.  Pandion  haliaetus  (Linn.),  Sav.    FISH  HAWK;  OSPREY.    Geoup  11. 

Class  b. 

This  species  is  not  uncommon  along  the  Mississippi  and  St.  Croix  rivers,  and 
I  observed  several  among  the  numerous  lakes  of  Lincoln  county  in  October  of 
1877.  It  is  an  excellent  fisherman  and  appears  to  subsist  wholly  upon  the  mem- 
bers of  the  finny  tribe.  It  even  allows  small  birds  to  nest  unmolested  among 
the  coarse  sticks  of  its  own  nest.  So  far  as  its  food  is  concerned,  it  is  wholly  in- 
jurious, but  its  destruction  of  flsh,  by  simply  feeding  upon  them,  is  not  of  so 
great  moment  as  to  demand  an  interference  with  them  at  present.  Should  they 
be  found  to  breed  troublesome  parasites  which  are  destructive  of  food-fish,  then 
it  may  be  found  nccessaiy  to  hold  their  numbers  at  the  minimum. 
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178.  Aquila  cmtTSAETCB  (Link.),  Citt.    GOLDEN  EAGLE.     Qbocp  IlL 
CI.ASS  b. 

A  regular  winter  visitor,  but  only  in  small  numbers. 

Food:  Living  quadrupeds,  birds,  etc.,  but  it  rarely  touches  a  dead  bodj 
(De  Kay).  Young  fawns,  raccoona,  hares,  wild  turkeys  and  other  largo  birds; 
also  carrion  (Audubon).  Ducks,  mice,  fawn  of  the  reindeer,  Partridges  and  other 
animals  (McFarland).    Carrion  (E.  W.  Nehton).  « 


This  species  Is  resident  throughout  the  jear  and  common  in  the  northern 
portion  of  the  State. 

Food;  Ducks,  Geese,  Gulls  and  other  sea-fowl  and  carrion  (Wilflon),  Weakly 
lambs,  calves,  and  other  animals  (Cooper).  Fish,  wild  fowl  and  small  quadru- 
peds (De  Kay).  Wild  Geese  and  other  wild  fowl,  amall  animals,  and  is  very 
partial  to  fish,  which  it  takes  from  the  Osprey  (Samuels).  It  fishes  when  no 
Fish  Hawk  is  around  ^  8.  Haldeman,  Am.  Nat,  Vol.  I). 


Fault  GATHABTID£;  Akesioan  Tdltdbbs. 
Fio.  IBS. 


IT  BottiBD  (OiUartet  ouro).    After  Bd.,  Br.  and  RU«. 


ECONOMIC  RELATIONS  OF  OUB  BIRDS.  689 

ISO.  Catbartes  auba  (Linn.),  Ilt-  TURKEY  BUZZARD.  Obouf  XL  Class  a. 

Reported  as  occnrriDg  Id  the  state  by  Dr.  H07. 

Mr.  Trippe  states  thai,  it  is  abundant  in  Mionesota  and  that  It  breeda  there. 
From  this  statement  it  is  probable  that  it  occurs  frequently  along  the  MtBSiatrippi 
in  Wisconsin,  but  in  the  eastern  portion  of  the  state  it  is  very  rare.  Since 
writing  tlie  above  I  have  found  it  at  River  Falls.  Although  generallj  a  scaven- 
ger, the  Turkey  Buzzard,  when  pressed  by  hunger,  kills  young  pigs  and  lambs 
and  other  weak  and  disabled  animals.  "One  excellent  service  which  the  Tur- 
key Vultures  render,"  says  Dr.  Coues,  "in  warm  countries,  is  the  deetrucdon  of 
alligators' eggs."  It  is  also  accused  of  sucking  the  egga  and  devouring  the  young 
of  many  species  of  Herons.  Such  tendencies  as  these  render  a  bird  like  this  of 
doubtful  utility  in  a  climate  like  ours. 

Food:  Carrion  (Wilson).  The  carcasses  of  animals  (Cooper).  Carrion,  disabled 
animals  and  ogga  of  birds,  etc.  (De  Kay).  Eggs  and  young  of  many  species  of 
Herons  (Audubon).    Skunks  in  traps  (Am.  Nat.,  VoL  Xll,  p.  Sn,  W.  Eit«). 


Family  COLlJHBID£:  Pioeoot. 
Fia.  140. 


Wnj>  Fiubiin  (Ectopi$Ut  mtgmtorivt'i.   After 


181.  EcTOPiSTKa  MaitATORiua  (Likm.),  Sw.    WILD  PIGEON;  PASSENGER 
PIGEON.    Gbodp  I.    Class  c. 

Food:  Acorns  and  other  nuts,  grain,  buckwheat  and  various  small  seeds  are 
its  usual  food.  From  the  stomtich  of  one  specimen,  however,  were  taken  two 
larfe  caterpillars  —  one  of  which  was  an  Edema  ai6(frwM,— oneharvast-niaa, 
nine  black  crickets  and  four  grasshoppers. 

Buckwheat,  hemp-seed,  Indian  com,  backberries,  huckleberries,  acorns  and 
chestnuts  (Wilson).  Beech-nuts,  acorns,  berries,  rice  and  seeds  (De  Kay). 
Acorns,  beech-nuts,  berries,  grains  and  weed-eeeds  (Samuels),    Acorns  (I 
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182;  Zbkaiduha.  Cabouhbiisib  (Lam.),  Bp.     CABOLINA  DOTR.     Gsoor  L 

A  V817  common  rammer  resident  bnt  nerer  sufBcIently  gregarious  to  be  io  jn- 
riooB  to  crops  to  any  noteworthy  extent. 

Food:  Seeds  of  varions  weeds,  buckwheat,  rye,  wheat  and  oats.  In  the  stom- 
ach of  one  bird  I  counted  4,016  seeds  of  the  pigeon-graae  and  twelve  small  snails; 
the  latl«r  were  probably  taken  as  gravel  Of  nine  Bpccimens  examined,  leight 
had  eaten  the  seeds  of  weeds;  three,  wheat;  two,  rye;  and  one,  oata. 

Buckwheat,  hemp«eed,  com,  berries,  acorns,  and  occasionally  pees  (WilaonV 
Grains  and  berries  ^tamnels}.  Seeds,  grain,  buckwheat,  Indian  com  (Brewei^ 
Of  four  specimens  examined,  four  bad  eaten  seeds  of  weeda;  two  com;  and  one, 
wheat  (Forbes). 


Fjjolt  TETBAONIDX:  Gboubb,  eto. 
Fia  141. 


Qi-iiL  (Orli/x  nrginiona).    After  Bd.,  Br,  and  Rldg. 


188.  Camace  Canadensis  {Um.),  Bp.      SPRUCE    PARTRIDGE;  CANADA 
GROUSE.    Group  I.    Class  c. 

A  very  common  resident  in  the  coniferous  forests  of  Northern  Wisconsin, 
^liere  it  is  partial  to  the  awampa. 

Food:  Buds  and  cones  of  spruce  and  larch  (De  Kay).  Buds,  seeds  and  foliage 
of  evergreens  (Samuels).  Berries,  young  twigs  and  blossoms  of  several  species 
or  plants  and  berries  of  the  Solomon's  Seal  (Audubon). 
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184.  PSBKECBTES   PHASIANBLLUS   COLUMBIANUS   (OrD.)«  COUBS.       SOUTHERN 

SHARP-TAILED  GROUSE.    Group  L    Class  c 

This  species  is  resident  from  Berlin  northward,  and  was  abundant  in  the 
vicinity  of  Lake  Flambeau  in  October,  1877. 

Food:  Tender  leaves,  thorn-apples,  rose-hips,  wheat  and  grasshoppers. 

In  winter,  buds  of  elder,  poplar,  etc.  (Cooper).  In  the  fall,  chiefly  grasshop- 
pers, only  varied  with  a  few  flowers,  weed-tops,  succident  leaves,  and  an  occa- 
sional beetle  or  spider;  in  winter,  chiefly  berries  of  the  cedar,  and  buds  of  the 
poplar  and  cotton  wood  or  willow  (Cones). 

185.  CUFIDONIA  CUFIDO  (LtNN.),  Bd.    PINNATED  GROUSE;  PRAIRIE  HEN. 

Group  I.   Class  b. 

A  common  resident,  but  rapidly  disappearing  before  the  zeal  of  sportsmen. 
From  early  in  the  spring  until  after  the  middle  of  August  this  species  is  con- 
fined almost  exclusively  to  meadows,  and  during  this  long  period  it  is  probable 
that  its  food  consists  very  largely  of  insects,  and  that  the  services  it  renders  by 
holding  in  check  cut-worms  and  grasshoppers  are  very  great,  while  its  Injurious 
effects  are  almost  inappreciable.  There  are  but  few  sections  in  the  state  where 
the  destruction  of  the  Prairie  Hen  should  not  be  entirely  prohibited,  at  least  for 
a  term  of  years. 

'    Food:  Insects  of  various  kinds,  wheat,  com,  buckwheat  and  other  grains, 
weed-  and  grass-seeds  and  some  vegetable  materiaL 

186.  BoNASA  UMBELLA  (LiNN.),  Steph.    RUFFED  GROUSE;  PARTRIDGE. 

Group  L    Class  c 

The  Ruffed  Grouse,  or  Partridge,  as  it  is  often  called,  is  a  common  resident 
during  the  whole  year  in  all  portions  of  the  state  suitable  to  its  tastes.  Unlike 
the  Prairie  Chicken,  this  species  is  emphatically  a  woodland  bird,  though  it  is 
not  confined  to  heavily  timbered  districts.  The  numerous  dense  groves  of  small 
trees  bordering  the  prairies  and  in  thickly  settled  districts  are  the  hatmts  which 
please  it  well.  From  these  resorts  it  rarely  invades  cultivated  fields.  This  bird 
appears  to  be  very  fond  of  the  buds  of  certain  trees,  upon  which  it  subsists  to  a 
considerable  extent  during  the  cold  months,  but  it  is  not  likely  to  become  so 
abundant  as  to  injure  shade  or  forest  trees  to  any  appreciable  extent. 

Food:  Of  six  specimens  examined,  two  had  eaten  twenty-four  caterpillars; 
one,  the  grub  of  a  beetle;  one,  two  grasshoppers;  one,  seven  harvest-men;  one, 
fruit;  one,  foliage;  one  seeds;  one,  partridge-berries;  and  three,  buds. 

A  young  chicken,  probably  not  over  a  week  old,  had  in  its  stomach  thirteen 
caterpillars,  the  grub  of  a  beetle  and  seven  harvest-men.  An  adult  bird  taken 
in  October  had  in  its  stomach  and  crop  three  htmdred  and  four  white-birch  buds. 

Various  vegetables,  whortleberries,  partridge-berries,  blackberries,  seeds  of 
grapes  and  chestnuts.  In  winter,  buds  of  alder  and  laurel,  occasionally  ants 
(Wilson).  In  summer,  seeds,  berries,  grapes  and  other  fruits.  In  winter,  buds 
of  various  trees  (De  E[ay).  Various  seeds,  berries,  grapes  and  insects;  also 
leaves  of  evergreens,  buds  of  trees,  pieces  of  apples  left  on  the  trees,  mosses 
and  leaves  of  laurel  (Samuels).  In  the  spring,  buds  of  various  kinds  of  trees^ 
especially  birches.  In  Maine,  buds  of  black  birch.  In  summer,  largely  esculent 
berries,  as  raspberries,  blueberries  and  huckleberries.  In  Maine  they  have  been 
accused  of  visiting  apple-orchards  and  fruit-buds  (Brewer). 
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187.  Lagopus  albus  (Gmklin),  Aud.    WILLOW  GROUSE;  WHITE  PTARp 

MI6AN.    Gboup  I.    Class  c 

Dr.  H07  mentionB  the  capture  of  two  of  these  birds  near  Racine  in  1840.  It 
is  doubtful  if  it  ever  occurs  in  WiAConsin  except  as  a  very  rare  straggler  from  its 
high-latitude  home. 

18a  Obtyx  Viboiniana  (Linn.),  Bp.    QUAIL;  BOB  WHITE.    Gboup  I. 

Class  b. 

This  species  is  a  conmion  resident  throughout  the  jear,  though  far  from  being 
as  abundant  anywhere  in  the  state  as  it  was  twenty  years  ago. 

In  its  haunts,  it  stands  on  intermediate  ground  between  the  Ruffed  Grouse  and 
Prairie  Chicken,  occupying  the  borders  of  groves,  haasel  patches  and  open  fields. 
When  abundant  in  the  fall,  they  congregate  in  fiocks  of  from  ten  to  thirty,  often 
consisting  of  the  two  broods  reared  during  the  summer,  and,  if  not  molested, 
remain  together  until  spring,  moving  about  from  field  to  field  in  the  vicinity  of 
the  breeding  grounds.  I  believe  its  destruction  should  be  prohibited,  for  a  num- 
ber of  years  at  least. 

Food:  Of  two  specimens  examined,  one  had  eaten  one  potato  beetle,  one 
elater,  one  ground-beetle  CAnisodactylusJ^  one  grasshopper  and  five  grasshopper 
Qggs,  probably  from  the  g^^asshopper  eaten;  the  other  had  eaten  wild  buckwheat, 
wheat  and  one  beetle. 

Grain,  seeds,  berries  and  buckwheat,  also  insects  and  berries  (Wilson).  Graino. 
seeds  and  berries  (De  Kay).  Potato  beetles  (Am.  Nat,  Vol.  VU,  p.  247,  A.  S. 
Packard).  One  specimen  examined  by  Prof.  Forbes  had  eaten  beetles,  hemiptera 
fCoreidcRjf  grasshoppers,  spiders  and  vegetable  materials.  Plant-beetles  were 
among  the  beetles;  seeds.of  various  plants  and  berries.  In  the  fall  and  late  sum- 
mer,- largely  grasshoppers.    Buckwheat,  com  and  all  kinds  of  grain  (Brewer). 


Family  CHABADBIIDJ::  Ploves. 

FlO.  142. 


GoLDDi  PLOVKR  {Charadrius  dbminiau).    From  Tenney's  Zoology. 

189.  Squatabola  helvetica  (Linn.).  Cuv.    BLACK-BELLIED  PLOVER. 

Gboup  I.    Class  c. 
This  is  not  a  common  species  with  us,  and  occurs  only  during  the  migrations. 
1  have  not  myself  met  with  it  in  the  state. 
Food:  Worms,  grubs,  winged  insects  and  berries  (Wilson).    InsecU  and  berries 

(DeKay). 
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190.  Charadbius  dominicds  (MiJLL).    AMERICAN  GOLDEN  PLOVER. 

GnoxTP  I.    Class  c 

The  Golden  Plover,  like  the  last,  is  onlj  a  migrant  in  the  state.  It  is  to  be 
seen  in  the  fall  during  the  last  of  September  and  the  early  part  of  October,  fre- 
quenting pastures  in  flocks  of  twenty  or  thirty,  where  it  searches  diligently  for 
insects. 

Food:  Of  three  specimens  examined,  two  had  eaten  five  grasshoppers;  two, 
nine  beetles;  and  two,  three  caterpillars. 

Small  shell-fish  and  animalculsd,  in  the  spring;  in  the  fall,  grasshoppers,  various 
insects  and  berries  (Samuels).    Grasshoppers  (Coues).    Insects  (Forbes). 

191.  MaiAUTES  YOCiFEBUS  (LiNN.)f  Cass.    KILLDEER  PLOVER.    Group  I. 

Class  b. 

So  generally  distributed  throughout  the  state  and  so  abundant  is  the  Eilldeer 
Plover,  that  even  the  Robin  is  scarcely  better  known  than  it.  Unlike  most  of 
the  waders,  it  is  a  summer  resident  with  us,  frequenting  upland  pastures, 
meadows  and  open  fields,  as  well  as  the  low  flats  adjoining  bodies  of  water.  I 
have  known  it  to  enter  corn-fields  infested  with  wire- worms,  and  to  feed  upon 
these  pests. 

The  food,  habits  and  haunts  of  the  Killdeer  are  such  as  to  bind  it  closely  in 
economic  relation  with  that  all  too  small  band  of  birds  which,  like  the  Meadow 
Lark,  frequent  the  open,  cultivated  fields.  On  account  of  this  relationship,  the 
Ej)ldeer  Plover  should  be  stricken  from  the  list  of  "game  birds,*' and  encour- 
aged to  breed  in  greater  abundance  in  cultivated  fields  and  meadows. 

Of  thirteen  specimens  examined,  ten  had  eaten  fifty-seven  adult  insects,  and 
three,  ten  angle- worms;  five  had  eaten  twelve  larvsd,  and  in  the  stomach  of  one 
was  found  fifty-six  grasshopper  and  cricket  eggs. 

Four  birds  had  eaten  fifteen  ants;  two,  three  caterpillars;  one,  three  moths: 
one,  a  crane-fiy;  nine,  twenty-eight  beetles;  one,  a  grasshopper;  four,  seven 
crickets. 

One  bird  had  eaten  three  wire-worms;  two,  three  leaf-beetles;  two,  four  cur- 
culios  ("BreviroatresJ;  one,  a  copris  beetle. 

Worms  and  aquatic  insects  (Wilson).  Earth-worms,  grasshoppers,  crickets, 
beetles,  small  Crustacea  and  snails  (Audubon). 

Of  six  birds  examined  by  Prof.  Forbes,  all  had  eaten  insects;  two,  caterpillars; 
three,  beetles;  one,  cray-fish;  and  two,  vegetable  miscellany. 

Of  those  eating  beetles,  one  had  eaten  Histeridss;  two,  plant  beetles;  and  two, 
curculios. 

192.  JEgialttes  SEMiPALMATns  (Bp.),  Cab.    SEMIPALMATED  RING 

PLOVER;  RING-NECK. 

193.  JEaiALiTBS  melodus  (Ord.),  Cab.    PIPING  RING  PLOVER;  RING- 

NECK.    Group  I.    Class  e 

Both  the  Semipalmated  and  Piping  Ring  Plovers  are  reported  as  occurring  in 
the  state  during  the  migrations,  but  I  have  met  with  neither  alive  in  Wisconsin, 
nor  jEgialites  melodua  circumcinctuSt  which  Mr.  Nelson  reports  as  breeding  along 
the  lake  shore  in  Northeastern  Illinois. 
Vol.  1—88 
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Family  HjEHATOPODEDJE:  Oystebtoatohebs  ;  Turnstones. 

194.  Stbefsilas  intebfbbs  (Linn.)»  III.    TURNSTONE.    Qboup  L    Class  e. 

Dr.  Hoy  and  Mr.  Nelaon  speak  of  this  speoiee  as  a  oommon  migrant  along  tlia 
shore  of  Lake  Michigan,  bat  I  have  met  no  liying  specimens. 


Fahilt  KEGUBYIROSTBIDJE:  Ayooets. 

106.  RB0UBYIB06TBA  AUBIOANA  (OlL),  AYOOET.     OBOUP  L     CLASS  C. 

A  rare  migranti 

196.  HncAinoFUB  Mkzioanub  (MOll.),  Obd.    BLACK-NECKED  STXI/T. 

Oboup  L   Class  e. 

A  Terj  rare  Tisitant.    Dr.  Hoy  reports  haying  seen  a  small  flock  in  1847. 


Family  PHALABOPODIDJE  :  Phalabopbb. 

197.  STsaANOFUB  WnBOMi  (Sab.),  Coues.    WILSON'S  PHALAROPE. 

Qboup  I.    Class  c. 

Wilson's  Phalarope,  though  not  abundant  in  the  state,  breeds  in  some  numbera 
in  yarious  localities.  They  were  abimdant  in  July,  1876,  on  the  marshes  border- 
ing Fox  river  below  Princeton,  where  five  young  birds  fully  fledged  were  obtained. 

Of  the  flve  specimens  examined,  three  had  eaten  ten  larvas;  three,  six  beetles; 
and  two,  four  other  insects. 

Seeds  and  insects  (Wilson).  Small  worms  and  fragments  of  very  delicate 
shells  (Audubon). 

198.  LoBiPES  hypebbobbub  (Linn.),  Cut.     NORTEffiRN  PHALAROPE; 
RED-NECKED  PHALAROPE.    Qboup  L    Class  c 

This  species  must  be  a  rare  migrant  or  of  irregular  occurrence  in  the  portions 
of  the  state  where  I  have  collected.    I  have  never  met  it  alive. 

199.  Phalabopus  ruuoABiuB  (Linn.),  Bp.     RED  PHALAROPE.    Qboup  L 

Class  c 

The  Red  Phalarope  appears  to  be  an  exceedingly  rare  migrant  throughout  the 
Mississippi  Valley,  but  Mr.  Nelson  and  Mr.  Ridgway  each  mention  it  as  occur- 
ring in  Illinois,  from  which  it  may  be  supposed  to  pass  through  this  state  in  its 
journeys. 
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Family  SGOLOPAGIDJ::  Snipes^  na 

Fig.  148. 


Wnwnr*!  Sbzpi  iOalUnago  WUioni).   From  Teim^*i  Zoology; 

200.  PmiiOHELA.  MINOR  (Gm.),  Gb.    AMERICAN  WOODCOCK.    Group  L 

Class  c 

This  game  bird  is  not  unoommon  during  the  snmmer  in  damp  woods  bordering 
streams  and  other  suitable  localities.    I  have  found  it  in  the  corn-field  as  welL 

Food:  Of  two  specimens  examined,  two  had  eaten  three  angle-worms;  one,  a 
beetle;  and  one,  some  vegetable  matter. 

Various  larvae  and  other  aquatic  worms  (Wilson).  Chiefly  earth-worms  and 
aquatic  insects  (De  K&j),  Worms  and  animalculae  procured  from  soft  earth 
(Samuels).   Earth-worms,  grubs,  etc.  (August  Fowler,  Am.  Nat.,  VoL  IV,  p.  761). 

201.  GALLiNAao  WiLSONi  (Temm.),  Bp.    AMERICAN  SNIPE;  WILSON'S 

SNIPE.    Group  L    Class  c 

Wilson's  Snipe,  incorrectly  called  the  English  Snipe  by  many,  is  very  abim- 
dant  during  the  migrations,  and  doubtless  breeds  with  us  in  considerable  num- 
bers, as  they  were  abundant  on  the  banks  of  the  Fox  river  early  in  July  of  1876. 
They  frequent  the  wet,  treeless  banks  of  streams  and  low,  wet  meadows.  During 
the  fall  they  may  be  seen  at  times  in  flocks  of  from  thirty  to  fifty. 

Food:  Of  eleven  specimens  examined,  ten  had  eaten  thirty-five  insects;  three, 
fifteen  beetles;  one,  a  dipterous  larvss;  and  five,  vegetable  matter. 

Larvae  of  water  insects,  leeches,  and  occasionally  grasshoppers  and  other 
insects  (Samuels). 

202.  Maororhamphus  oriseub  (Gm.),  Leach.    RED-BREASTED  SNIPE; 

GRAY  SNIPE.    Group  L    Class  c 

Dr.  Hoy  has  observed  this  species  near  Racine.  Mr.  Nelson  speaks  of  it  as  a 
rather  common  migrant  in  Northeastern  Illinois.  I  have  no  personal  acquaint- 
ance with  it  in  the  field. 

Food:  Snails  (Wilson). 

203.  MicROPALAMA  HIMA19TOPUB  (Bp.),  Bd.    STILT  SANDPIPER.   Group  I. 

Classc 

A  rare  migrant  with  which  I  have  not  met 
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204.  Ebextnetes  PU8ILLUS  (LiNN.),  Cass.     SEMIPALMATED  SANDPIPER. 

Gboup  I.    Class  c 

Mr.  Nelson,  in  his  report,  speaks  of  this  species  as  a  very  abundant  migrant. 
Dr.  H07  regarded  it  as  rare  in  1852.    I  have  not  met  with  it. 

205.  ACTODBOMAS  MiNUTiLLA  (V.),  CouES.    LEAST  SANDPIPER.    Group  I. 

Class  c.  * 

I  have  found  this  species  a  common  migrant  through  Central  Wisconsin, 
though  Mr.  Nelson  speaks  of  it  as  less  abundant  than  the  last.  He  also  speaks 
of  its  breeding  near  the  Calumet  river. 

Food:  Of  four  stomachs  examined,  three  contained  ten  insects;  and  one,  a  few 

Larv8B,  shellfish  and  insects  on  salt  marshes  (Wilson).  Small  shellfish  crusta- 
ceans, and  insects  found  in  pools  of  water  (Samuels). 

206.  AcTODROMAS  Bairdi,  Coues.    BAIRD'S  sandpiper.   Group  I.  Class  c 

This  species  occurs  as  an  uncommon  migrant  with  other  Sandpipers,  but  I 
have  never  taken  it. 

207.  ACTODROMAS  MACULATA  (V.),  CouES.    PECTORAL  SANDPIPER;  JACK 

SNIPE.    Group  I.    Class  c 

This  is  a  common  migrant,  occurring  along  the  rocky  banks  of  streams  and 
on  marshes,  sometimes  in  large  flocks. 

Food:  Of  three  specimens  examined,  two  had  eaten  snails  (PhysaJ;  one,  three 
aquatic  larvae,  and  one;  some  vegetable  matter. 

Various  insects  foimd  in  its  haunts,  particularly  grasshoppers  and  crickets 
(Samuels).  Beetles,  larvae  and  common  green  XJlva  latissima,  as  well  as  small 
seaweeds  (Audubon). 

208.  ACTODROMAS  BONAPARTH  (SCHL.),  COUES.     WHITE-RUMPED  SAND- 
PIPER.   Group  I.    Class  c 

This  is  another  of  the  rarer  migrant  Sandpipers  with  which  I  have  not  met. 
Food:  Various  small  aquatic  animals,  aquatic  larvsB  and  insects. 

209.  Arquatella  maritima  (Br^nn.),  Bd.  PURPLE  SANDPIPER.    Group  I. 

Class  c. 

Dr.  Hoy  says  of  this  species:  **  Greatly  abundant  from  15th  of  April  to  20th 
of  May.  Mr.  Nelson,  however,  finds  it  a  very  rare  visitant  in  Northeastern 
Illinois.    I  have  not  seen  it. 

Small  shellfish,  shrimps  and  worms  (Audubon). 

210.  Pelida  alpina  Americana  (Cass.),  Allen.    AMERICAN  DUNLIN. 

Group  I.    Class  c 

Mr.  Nelson  speaks  of  this  species  as  a  very  abundant  migrant  which  passes 
northward  along  the  lake  shore  in  fiocks  often  containing  hundreds  of  indi- 
viduals. ^Ir.  Thure  Kumlien  has  taken  it  on  Lake  Koshkonong,  but  it  has  not 
been  my  good  fortune  to  meet  with  it. 

Food:  Small  worms  and  insects  found  in  muddy  flats  (Wilson).  Small  marine 
animals  (Samuels). 
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211.  Tringa  canutus,  Linn.    REO-BREASTED  SANDPIPER;  ROBIN 

SNIPE.    Group  L    Class  c 

A  rare  migrant.    No  specimens  obtained. 

Food:  A  bivalve  found  on  the  shores  (Wilson).  Worms  and  minute  shells 
(De  Kay). 

212.  Caudris  arenaria,  Linn.    SANDERLINO.    Group  L    Class  c. 

Dr.  Hoy  and  Mr.  Nelson  speak  of  this  species  as  abundant  along  the  lake 
shore  during  the  migrations.    It  was  not  obtained  by  me. 

Food:  Principally  bivalves  common  on  the  ocean  beach  (Wilson).  Small 
shells  and  crustaceans  (Samuels).  Small  sea-worms,  shrimps  and  shellfish 
(Audubon). 

213.  LiMOSA  PCBa)A  (Linn.),  Ord.    GREAT  MARBLED  GODWIT.     Group  I. 

Class  c 

A  rather  common  migrant,  as  reported  by  Mr.  Nelson. 

Food:  Aquatic  insects,  leeches,  small  marine  mollusks,  crabs  and  worms 
(De  Kay).    Small  Fiddler  crabs  (Audubon). 

214.  LiMOSA  HJEMASTiCA  (LiNN.),  CouES.    HUDSONIAN  GODWIT.    Group  I. 

Class  c.. 

This  species  is  included  on  the  authority  of  Mr.  Nelson,  who  speaks  of  it  as 
not  very  rare  during  the  migrations. 

215.  Stmphemla.  skmtpalmata  (Gm.),  Hartl.    SEMIPALMATED  TATTLER; 

WILLET.    Group  L    Class  c 

Mr.  Nelson  mentions  this  species  as  a  rare  summer  rodent  in  Northeastern 
Illinois,  and  Dr.  Hoy  reports  having  seen  it  as  late  as  June  10th. 

Food:  Small  shellfish,  marine  worms  and  aquatic  insects  (Wilson).  A.quatio 
insects,  Fiddler  and  other  small  crabs  (Audubon). 

216.  ToTANus  MELANOLEUOUS  (Gm.),  V.    GREATER  TATTLER;  STONE 

SNIPE.    Group  I.    Class  c. 

The  Greater  Tattler  probably  breeds  sparingly  in  the  state  as  it  is  said  to  do  in 
Illinois. 
Food:  One  specimen  examined  had  in  its  stomach  seven  water-beetles. 
Marsh  insects,  shrimps,  etc.  (De  Kay). 

217.  Totanusflavipes(Gm.),  V.    LESSER  TATTLER;  YELLOWSHANKS. 

Group  I.    Class  c 

This  species  is  more  abundant  than  the  last  and  a  few  are  summer  residents 
and  probably  breed. 

Food:  Of  three  specimens  examined,  one  had  eaten  five  beetles  and  three  other 
insects;  and  one,  a  rat-tailed  m&ggot  fEiHstalisfJt  &iid  a  dragon-fiy.  The  stom- 
ach of  the  third  was  empty. 

Small  aquatic  insects  and  worms  (De  Kay).  Small  fish,  worms,  shrimps  and 
aquatic  insects  (Audubon). 
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2ia  Rhyaoophilus  solttabius  (Wils.),  Bp.    solitary  TATTLER. 

Obouf  I.    Class  c 

A  common  migrant  and  also  a  summer  resident  in  small  numbers.  It  fre- 
quents small  brooks  with  dry  stony  banks,  as  well  as  the  marshy  ponds. 

Food:  Of  nine  specimens  examined,  one  had  eaten  a  caterpillar;  one,  thelarre 
of  an  aquatic  beetle;  one  a  grasshopper;  one,  a  diptera;  four,  nine  larvsd;  three, 
eight  aquatic  beetles;  five,  ten  other  insects;  and  one,  three  hair-worms  (Gordii). 

LarrsB  of  various  aquatic  insects  (Samuels).  It  is  expert  in  catching  insects 
on  the  wing,  especially  the  small  dragon-flies.  I  have  found  in  their  stomachs 
aquatic  insects,  caterpillars  and  various  kinds  of  black  spiders  (Audubon). 

219.  TBmaolDBS  maoulabius  (Linn.),  Gb.    SPOTl'ED  TATTLER;  SPOTTED 

SANDPIPER.    Gboup  I.    Class  c 

This  is  a  very  ^mmon  summer  resident,  frequenting  the  banks  of  wtrsams 
and  ponds,  laying  its  eggs  in  dry  sandy  and  sometimes  stony  places. 

Food:  Of  nine  specimens  examined,  three  had  eaten  fifteen  beetles;  one,  two 
small  dragon-fiies;  one,  a  grasshopper;  and  six,  twenty Hseven  other  insects;  one 
had  eaten  eight  hair-worms  (Gordii);  and  one,  three  moUusks. 

Insects  and  worms  (De  Kay). 

220.  Babtrahia  lonoicauda  (Bbchst.),  Coxtbs.    BARTRAMIAN  TATTLER; 

UPLAND  PLOVER.    Group  L    Class  b. 

No  member  of  our  wading  birds  has  departed  as  far  from  ancestral  customs 
in  the  search  for  food  as  this  sx>ecie6.  It  seems  to  have  abandoned  very  largely, 
if  not  altogether,  the  muddy  shores  cherished  by  its  allies,  and  taken  to  the  dry 
marshes  and  broad  prairies.  It  is  very  abundant  on  the  broad,  dry  prairies 
of  Minnesota,  and  is  a  common  summer  resident  with  us.  This  change  of  habit 
introduces  it  into  a  band  of  workers  much  more  closely  related  to  agricultural 
interests.  It  is  not  much  hunted  for  its  fiesh,  and  doubtless  should  not  be 
until  it  assumes  a  greater  abundance  with  us  than  it  has  at  present. 

Of  three  specimens  examined,  one  had  eaten  six  ants,  two  larvso  and  three 
beetles;  one,  four  snails;  and  one,  three  grasshoppers. 

Beetles  and  other  winged  insects  (Wilson).  Grasshoppers  (De  Kay).  In  the 
fall,  grasshoppers,  crickets,  grains  and  seeds  (Samuels).  Mainly  insects,  espe- 
cially grasshoppers,  of  which  they  must  devour  enormous  quantities  in  the  aggre- 
gate. They  also  feed  on  other  small  animal  substances,  as  well  as  upon  various 
berries  (Coues). 

221.  Tryngites  rufescens  (V.),  Cab.    BUFF-BREASTED  SANDPIPER. 

Group  I.    Class  c 

Mr.  Nelson  speaks  of  it  as  a  very  rare  migrant  in  Northern  Illinois.  I  have 
never  met  with  it  Dr.  Hoy  reports  it  as  having  been  formerly  quite  common  in 
the  fall. 

222.  NuMENius  LONGiROSTRis,  Wii5.    LONG-BILLED  CURLEW.    Group  I. 

Class  c 

The  Long-billed  Curlew  doubtless  occurs  regularly  in  the  state  as  a  migrant, 
but  it  is  not  common.  It  may  still  breed  in  the  state,  as  it  has  been  known  to 
do  so  in  Illinois  as  late  as  1878. 


ECONOMIC  RELATIONS  OF  OUB  BIBDS.  599 

Food:  Mainly  crabe;  also  snails  and  bramble  benies  (Wilson).  Small  shells, 
insects,  worms,  crabs  and  berries  (DeKay).  Principally  small  fiddler  crabs; 
also  sear  worms,  salt-water  shellfish  and  other  animals  (Audubon^ 

828.  NuMENiUB  HUD60NICUB,  LA.TB.    HUDSONIAN  CURLEW.    Gbouf  L 

Class  c 
A  very  rare  migrant. 

Food:  Small  worms  and  shells;  also  bramble  berries  (Wilson).  Aquatic  in- 
sects, worms,  small  marine  molhisks  and  seeds  of  aquatic  plants  (De  Kay). 
Grasshoppers  and  berries  (Nuttall). 

224.  NxTXENius  BOBEAUS  (FOBST.),  Lath.    ESKIMO  CUBLEW.    Qboup  L 

Class  e. 

This  species  has  not  been  taken  by  the  writer,  but  Mr.  Nelson  mentions  it  as  a 
rather  common  migrant  in  Illinois. 

Food:  In  autumn,  in  Massachusetts,  grasshoppers  and  berries;  in  Labrador, 
curlew-berries  (Audubon).  Curlew-berry  (Empetrum  nigrum)  and  small  snails. 
The  first  is  their  principal  and  favorite  food  (Coues). 


Family  TANTAUDJE:  Ibises,  eto. 

225.  Taktalus  loculatob.  Low.    WOOD  IBIS.    Gboup  IL    Class  b. 

In  regard  to  this  species  Mr.  Nelson  says:  '*  An  exceedingly  rare  sunmier  visit- 
ant from  Southern  Illinois.'*  "  Dr.  Hoy  has  a  specimen  in  his  collection  obtained 
at  Racine,  September  10,  1869,  and  states  that  a  second  specimen  was  obtained 
near  Milwaukee,  and  is  now  in  a  museum  at  that  place.** 

Food :  Fish,  reptiles,  young  alligators,  frogs  (Wilson).  Entirely  fish  and  aquatic 
reptiles,  of  which  it  destroys  more  than  it  can  eat.  Frogs,  young  alligators 
and  water  snakes  (Coues  from  Audubon).  Frogs,  young  alligators,  wood  rats, 
young  Rails,  Graokles,  Fiddler  and  other  crabs,  snakes  and  small  turtles 
(Audubon). 


Family  GBUIDJE:  Cbaites. 

S96.  Gbus  AiCEBiOANA  (LiNN.),  Temm.     WHITE  CRANE;  WHOOPING 

CRANE.    Gboxtp  IL    Class  c 

This  species  was  formerly  a  common  migrant  along  the  western  margin  of 
the  state,  but  now  moves  north  and  south,  farther  west,  largely,  if  not  alto- 
gether. 

Food:  Marine  worms,  insects,  grains,  mice,  moles  and  rats  (Wilson). 

837.  G&us  Canadensis  (Linn.),  Temm.    NORTHERN  SANDHILL  CRANE. 

Gboup  II.   Class  c 

This  species  was  formerly  abundant  in  the  state,  and  some  used  to  breed  here. 
It  appears,  however,  to  have  taken  the  Dakota  fever  and  gone  west,  like  other 
people,  to  take  up  new  claims. 
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It  is  rarely  indeed  now  that  we  bear  that  cry,  which  only  a  Crane  can  male, 
come  down  through  the  still  air  from  a  mere  mote  floating  in  the  son,  hi^ 
above  the  clouda. 

Food:  "  Sandhill  Cranes  stalk  over  the  prairiea  to  spear  them  (graaahoppera) 
bf  the  tbouaandB  "  (Coues).    Am.  Nat.,  VoL  TIU,  p.  282. 


Fio.  lU. 


GujlT  Blui  HcaoM  (Ardea  ftcrodKu).    From  Tenner's  Zoologj. 

238.  Aboka.  herodias,  Linn.  GREAT  BLUB  HERON.  Gkoup  II.  Class  c 
The  Great  Blue  Heron  is  a  common  aumtner  resident  throughout  the  etat«, 
nnd  is  often,  though  incorrectly,  called  the  Blue  Crane.  Its  favorite  resorte  are 
bIuw  streams  and  muddy  lakes.  Here  it  is  known  as  an  expert  fisherman,  who 
tinds  a  ready  market  at  no  more  distant  port  than  hia  own  capacious  stomach. 
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which  is  reached  by  a  thoroughfare  of  alarming  capabilities.  I  remoyed  from 
the  stomach  of  one  of  these  birds  a  bullhead  eight  and  one-half  inches  in  length. 
The  fish  had  been  swallowed  entire,  and  with  those  ridged  side  spines  set  at 
right  angles  to  its  body.  Another  bird  had  eaten  two  sunfish  and  five  dragon- 
fly larvae. 

Food:  Fish,  mice,  dragon-flies  and  seeds  of  spatter-dock.  It  has  been  known 
to  eat  fifty  moderate  sized  dace  and  roach  in  one  day.  In  a  carp  pond  one  has 
been  known  to  eat  one  thousand  stone  carp  in  one  year  (Wilson).  Crabs,  eels, 
shellfish  and  various  fishes  (De  Kay).  Snakes,  frogs,  mice,  fishes  and  insects 
(Samuels).  Fish  of  all  kinds,  frogs,  Uzards,  snakes,  birds,  shrews,  meadow 
mice,  young  rats,  aquatic  insects,  moths  and  dragon-flies.  It  destroys  great 
numbers  of  Marsh  Hens,  Rails  and  other  birds  (Audubon). 

229.  Hbbodias  eoretta  (Gil),  Gb.    GREAT  EGRET.    Group  IL    Class  c 

This  beautiful  bird  is  a  not  unconmion  sunmier  resident,  but  much  more  retir- 
ing and  shy  than  the  last  species. 

Food:  Frogs,  lizards,  small  fish,  mice,  moles  and  insects  (Wilson).  Frogs, 
salamanders,  mice,  moles,  snakes,  etc.  (De  Kay). 

230.  BuTORiDES  YiBESOENB  (LiNN.),  Cab.   GREEN  HERON.   Group  II.  Class  c. 

This  is  a  common  summer  resident  which  frequents  the  banks  of  wooded 
streams  more  than  any  other  situation. 

The  largo  number  of  dragon-fiy  larvae  observed  in  the  stomachs  of  some  of 
these  birds  is  an  unpleasant  record  to  make. 

Food:  Of  five  specimens  examined,  two  had  eaten  ten  water  scorpions;  two, 
five  beetles;  one,  two  dragon-flies;  two,  fifteen  dragon-fly  larvae;  and  two,  four 

small  fish. 

■ 

Lizards,  frogs,  small  fish,  crabs,  various  worms  and  larvas,  particularly  those 
of  dragon-fiies  (Wilson).    Reptiles  and  fishes  (De  Kay). 

281.  Ntciiardea  grisea  vmvia  (Bodd.),  Allbn.     AMERICAN  NIGHT 

HERON.    Group  II.    Class  c 

This  species  occurs  in  the  state  and  is  said  to  breed  across  the  line  in  Lake 
county,  Illinois.  I  have  not  met  it  aUve.  Mr.  Thure  Kumlien  writes  me  that 
he  received  two  specimens  of  this  species  from  Stoughton,  September  27,  1876. 

Food:  Small  fish  (Wilson).  Fish,  aquatic  reptiles,  grasshoppers,  large  insects 
and  sea  lettuce  (De  Kay).  Herrings,  pickerel,  eels  (Samuels).  Fish,  shrimps, 
tadpoles,  frogs,  water  lizards,  leeches,  all  kinds  of  water  insects,  moths,  and  even 
mice  (Audubon). 

232.  Botaurus  mugitans  (Bartr.),  Coues.    AMERICAN  BITTERN.    Group 

II.    Class  c 

The  American  Bittern,  or  Stake-driver,  as  it  is  often  called,  is  the  most  abundant 
of  all  our  Herons  and  the  least  retiring.  It  is  foimd  in  all  meadows  during  the 
summer  where  there  are  small  sloughs. 

Food:  Of  four  specimens  examined,  two  had  eaten  eight  small  fish;  one,  a 
crawfish;  one,  a  water-scorpion;  one,  a  large  water  beetle;  one,  thirteen 
dragon-flies;  one,  a  spider  and  its  egg  case;  one,  a  meadow  mouse;  and  four,  six 
crawfish. 


603  EOONOinC  RELATIONS  OF  OUB  BIBDa 

Meadow  mice,  aqnatio  reptiles  and  fish;  also  large  winged  insects  (De  Kaj). 
Fish,  frogs,  other  reptiles  and  insects  (Samuels}.  MoUusks,  lizards,  frogs,  small 
snakes,  and  fish  as  well  as  insects  (Cooes). 

288.  Ardetta  Exnjs  (Gil)  Gb.    LEAST  BITTERN.    Group  1L    Class  e. 

This  is  a  common  smnmer  resident,  but  a  very  retired  species,  confining  itself 
among  the  reeds  of  swamps  and  lakes. 

Food:  Of  four  specimens  examined,  one  had  eaten  five  beetles  and  two  other 
insects;  one,  a  water-scorpion  and  twenty  water-boatmen;  one, *f our  insects  and 
a  dragon-fly;  and  one,  a  small  fish. 

Small  fish  (Wilson).  Snails,  slugs,  tadpoles,  water  lizards,  small  shrews,  and 
occasionally  field-mice  (Audubon). 


Family  BALLIDJE:  Rails. 

284.  Rallus  elboanb,  Auix    KINO  RAIL;  FRESH  MARSH  HEN. 

Group  L    Class  e. 

I  have  seen  but  a  single  specimen  of  this  spedes.    It  was  observed  amonic  tlia 
reeds  on  Cold  Spring  i>ond,  in  Jefferson  county. 
Food:  Grass  seeds,  insects,  tadpoles,  leeches,  small  cray-fish  (Audubon). 

285,  Rallus  YmanaANUS,  Luvh.    VIRGINIA  RAIL.    Group  L   Class  a. 

This  is  a  common  summer  resident,  frequenting  damp  meadows  and  reedy 

ponds. 

Food:  One  specimen  examined  had  eaten  five  snails. 

Small  snails,  worms,  larvae  of  insects  (Wilson).  Worms,  aquatic  insects, 
fresh-water  shells  and  seeds  of  grasses  (De  E[ay).  Various  insects  and  worms 
(Samuels).  Small  slugs,  snails,  aquatic  insects,  worms,  crustaceans  and  seeds 
of  grasses  (Audubon). 

236.  Prozana  Carolina  (Lnm.),  V.     CAROLINA  RAIL;  CAROLINA 

CRAKE,    Group  I.    Class  c 

This  species  is  very  abundant  in  all  suitable  places  throughout  the  summer. 
Its  favorite  haunts  are  the  sloughs,  reedy  lakes  and  ponds  and  the  marshy  banks 
of  streams. 

Food:  Of  seven  specimens  examined,  six  had  fed  upon  seeds;  two  had  eaten 
six  snails;  two,  two  beetles;  one,  two  leaf -hoppers.  Two  had  fed  upon  duck- 
weed. 

Seeds  of  reeds  (Wilson). 

287.  Prozana  notbboracensis  (Gm.),  Cass.     TELLOW  RAIL;  YELLOW 

CRAKE.    Group  I.    Class  c 

This  species  is  mentioned  by  Mr.  Nelson  as  not  very  rare  in  Northeastern 
Illinois,  where  it  breeds.  Dr.  Hoy  reports  it  as  breeding  in  the  state.  I  have 
not  seen  it. 

Food:  Aquatic  insects  and  seeds  (De  Kay). 
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288.  Gallinula  qaleata  (Lioht.),  Bp.    FLORIDA  6ALLINTJLB.    Gboup  I. 

Class  c 

A  common  summer  resident.  It  frequents  weedy  ponds  in  various  parts  of 
the  state. 

Food:  Of  seven  specimens  examined  six  ate  forty-two  snails;  one,  three  water- 
scorpions;  and  two,  other  insects.  Six  ate  seeds;  four,  duck-weed;  and  four, 
water  crowfoot. 

289.  lONOBNis  Mabtinica  (Linn.),  Beich.    PURPLE  GALLINULE.    Gboup  I. 

Class  c 

This  spedee  is  introduced  here  on  the  authority  of  Mr.  Nelson,  who  says: 
"  Dr.  Hoy  informs  me  of  its  capture  near  Racine.** 

240.  FuLiOA  Americana,  Gil    AMERICAN  COOT.    Group  L    Glass  c 

The  Coot,  like  the  Florida  Gkdlinule,  is  an  abundant  summer  resident  which 
frequents  similar  situations,  but  I  have  never  observed  the  two  species  together. 

Food:  Of  two  specimens  examined  only  algaa  were  noted  as  occurring  in  the 
stomachs. 

Various  aquatic  plants,  seeds,  insects,  and,  it  is  said,  small  fish  (Wilson). 


Family  ANATEDJE:  SwaNj  Gebsb  and  Ducks. 

241.  Cyonus  buccinator.  Rich.    TRUMPETER  SWAN.    Group  L    Class  c 
A  rather  rare  migrant 

242.  Cygnus  Colxthbianus  (Ord.),  Coues.    AMERICAN  SWAN.   Qroup  I. 

Class  c 
A  rather  common  migrant 

248.  Anser  albifrons  Gahbeu  (Hartl.),  Coues.    AMERICAN  WHITE- 
FRONTED  GOOSE.    Group  I.    Class  c 

An  abundant  migrant 

Food:  Beech-nuts,  com,  acorns,  young  blades  of  grass.  In  their  gizzards  I 
have  found  fishes,  water  lizards  and  snails  (Audubon). 

It  frequents  the  corn-fields  in  Central  Ulinois,  where  hundreds  are  killed  and 
shipped  to  the  markets  (E.  W.  Nelson). 

244  Chen  ccerulescens  (Linn.),  Rido.    BLUE  GOOSE.    Group  I.    Class  c. 

This  species  is  introduced  here  on  the  authority  of  a  statement  of  Mr.  Nelson, 
who  says  many  are  sent  to  the  Chicago  markets  with  the  preceding  during  the 
migrations. 

245.  Chen  hyperboreus  (Pall.),  Bodb.    SNOW  GOOSE.    Group  I.    Class  c. 

This  species  is  common  during  the  migrations. 

Food:  Rushes,  insects  in  autumn,  and  berries,  particularly  Empetrum  nigrum 
(Richardson).  Roots  of  reeds  (Wilson).  It  frequents  the  corn-fields  in  Central 
Illinois  (E.  W.  Nelson), 
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246.  Chen  hypebbobeus  albatus  (Cass.),  Ridg.     LESSER  SNOW  GOOSE. 

Group  I.    Class  c 

This  Goose  moves  north  and  south  with  the  last  during  the  migrations,  and  in 
about  equal  numbers. 

Food:  It  frequents  the  corn-fields  in  Central  Illinois  (E.  W.  Nelson).  In 
speaking  of  the  two  varieties  together,  Dr.  Coues  says:  '*  Various  kinds  of  or- 
dinary grass  form  a  large  part  of  this  bird's  food,  at  least  during  their  winter 
residence  in  the  United  Status.  They  also  eat  the  bulbous  roots  and  soft  succu- 
lent culms  of  aquatic  plants." 

247.  Bernicla  bbsnta  (Pall.),  Stbph.    BRANT  GOOSE.    Group  L    Class  c 

Mr.  Nelson  states  that  the  only  instance  known  to  him  of  the  capture  of  this 
species  in  this  portion  of  the  country,  is  a  specimen  taken  by  Dr.  Hoy  near 
Racine,  which  is  in  his  collection.  Mr.  Paul  B.  Wood  writes  me  that  he  has 
taken  this  Goose  near  Peehtigo. 

248.  Bernicla Canadensis  (LiNN.)t  Bool  CANADA  GOOSE;  COMMON  WILD 

GOOSE. 

249.  Bernicla  Canadensis  Hutchinsi  (Rich.),  Coues.    HUTCHINS'  CANADA 

GOOSE.    Group  I.    Class  c 

Both  of  these  varieties  are  common  migrants. 

Food:  Green  leaves  of  sea  cabbage,  roots  of  sedges  (Wilson).  Fond  of  light- 
ing in  corn-fields  and  feeding  on  fresh  blades,  often  committing  great  havoc; 
grass  and  earth-worms  (Audubon). 

250.  Anas  boscas,  Linn.    MALLARD.    Group  I.    Class  c. 

A  very  abundant  migrant  and  still  a  summer  resident.  They  are  becoming 
sensibly  less  numerous  year  by  year,  under  the  steady  fire  of  sportsmen.  Many 
breed  about  Lake  Puckawa,  and  in  many  other  similar  places. 

Food:  Purely  omnivorous.  Putrid  fish,  garbage  of  all  sorts,  snakes,  small 
quadrupeds,  nuts  and  fruits  of  all  kinds,  rice,  com  and  other  grains.  They  are 
expert  fiy-catchers  (Audubon). 

251.  Anas  obscura,  Gm.    DUSKY  DUCK.    Group  I.    Class  c. 

The  Dusky  Duck  is  a  rather  uncommon  migrant  and  probably  breeds  very 
sparingly. 
Food:  Small  snails  (Wilson). 

262.  Dafila  acuta  (Linn.),  Jen.    PINTAIL;  SPRIGT AIL.   Group  I.  Class  c 

A  common  migrant,  often  associated  with  the  Mallards. 
Food:  Beech-nuts  (Audubon). 

'  258.  Chaulelasmusstreperus  (Linn.),  Gr.    GADWALL.    Group  I.  Class  c 

A  rather  common  migrant. 

Food:  Small  fish,  shells  and  aquatic  plants  (De  Kay).  Tender  shoots  and 
blades  of  grasses,  beech-nuts  and  acorns,  seeds  of  all  kinds,  tadpoles,  small  fish 
and  leeches;  sometimes  alights  in  corn-fields  for  com  (Samuels  from  Audubon). 
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254.  Mareca  PENELOPE  (LiNN.)»  Selby.    EUROPEAN  WIDGEON.    Group  I. 

Class  c. 

Mr.  Nelson  in  his  Birds  of  Northeastern  Dlinois  lias  the  following:  '*  Exceed- 
ingly rare  straggler.  It  has  also  been  shot  on  Lake  Mendota  in  Wisconsin  by 
Mr.  Kumlien  (Hoy)." 

255.  Mareca  Americana  (Gm.),  Steph.    AMERICAN  WIDGEON.    Group  L 

Class  c. 
A  common  migrant. 

Food:  Tender  roots  of  aquatic  plants  (Wilson).    Chiefly  aquatic  vegetables 

(De  Kay).    Principally  tender  roots  and  leaves  of  aquatic  plants  (Samuels). 

256.  QuERQUEDULA  Carolinensis  (Gm.),  Steph.    GREEN-WINGED  teal. 

Group  1.    Class  c. 

This  exquisite  Duck  is  a  common  migrant  and  summer  resident.  It  breeds 
about  Lake  Puckawa,  and  near  Berlin,  and  doubtless  elsewhere  in  similar  situa- 
tions. 

Food:  Feeds  on  various  kinds  of  grass;  also  leaves  of  tender  vegetables  (Wil- 
son). Various  water  insects  and  their  larvae,  seeds  of  aquatic  plants,  and  tad- 
poles of  different  frogs  (Samuels).  Seeds  of  grasses,  small  acorns,  fallen  grapes 
and  berries,  aquatic  insects,  worms  and  snails  (Audubon). 

257.  QUERQUEDULA  DKCORS  (Ltnn.),  Steph.    BLUE-WINGED  TEAL. 

Group  I.    Class,  c 

This  is  our  most  common  summer  resident,  breeding  in  large  numbers  in  most 
suitable  places. 

Food:  Of  four  specimens  examined,  three  had  eaten  sixty  snails;  one,  vege- 
table matter;  and  one,  seeds  and  duck-weed. 

Seeds  and  vegetable  food  (Wilson).  Aquatic  insects  and  seeds  of  aquatic 
plants  (Samuels). 

258.  Spatula  clypeata  (Linn.),  Boie.    SHOVELLER;  SIPOONBILL  DUCK. 

Group  I.    Class  c 

A  rather  common  migrant.  It  may  also  breed  in  the  state,  as  it  is  said  to  do 
80  in  Illinois. 

Food:  Various  aquatic  insects  and  tadpoles,  but  eats  but  few  seeds  of  aquatic^ 
plants;  small  crustaceans  (Samuels). 

259.  Aix  sponsa  (Linn.),  Bode.  WOOD  DUCK;  SUMMER  DUCK.    Group  L 

Class  c. 

This  handsome  Duck  breeds  in  abundance  along  Bark  river  and  about  small 
wooded  lakes  south  and  east  of  Whitewater,  as  well  as  along  the  wooded  streams 
in  Northern  Wisconsin,  and  doubtless  generally  in  similar  situations. 

Food :  Of  Ave  specimens  examined,  one  had  eaten  two  dragon-flies  and  three 
water-larvae;  three,  black  cherries;  one,  burr  oak  acorns;  and  three,  seeds. 

Seeds  of  wild  oats,  acorns  and  insects  (Wilson).  Acorns,  seeds  of  aquatic 
plants  and  insects  (De  Kay).  Food  of  young,  aquatic  insects,  flies,  mosquitoes 
and  seeds.  When  older  they  chase  dragon-flies,  or  pick  up  locusts  that  have 
fallen  into  the  stream.  Old  birds  eat  acorns,  beech-nuts,  grapes,  berries  axid 
rice;  insects,  snails,  tadpoles  and  lizards. 
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MIL  FtuoTLA.  MAHUL  (LbolX  8108.    GBKATER  BLACK-HEAD;  SCAUP 

DUCK.    Qmamr  L    QLAfls  c 

Sot  ft  OOOUDOB  mlglMlta 

Food:  Sliell4kh  (WDnn).    SnuJl  fry,  dmy-IWi,  gnM  tint  gnmn  along  rii 
bedi  (AndaboBX 


SSL  FtUBULA  Avraoi  (En:),  LESSER  BLACK-HEAD;  BLUE-BILLb 

GmofcrL.    CLAm  c 

Tbb  ii  MnlwuMlml  iii||^aiiI  wUdi  brwii  in  wwali  iHnnlwm  ilwtil  Dotlifli  nnd 


Small  try,  cnj-Hah,  and  gamm  whidi  grov  along  beda  of  riven  (Andn- 


MIL  FtUBULA  onfi,Awrt  (Doaor.X  B^.    RIN6-XECK;  BLACK-HEADl 

^aOOF  L     QLAflB  c 


Tldi  Dock  ii  ako  an  abondant  migianl  which  ii  Mndaled  witti  tfw 

WM^vdoin 


MIL  Ftuoci^  wwuxA  AMmryiHi  (Err.),  Gock    AMERICAK  POCHARD; 

RED-HEADl   Qmofcr  L   CLAm  a. 


(WnjL\  SnvB.    CAN¥AS>BACK.   Qmour  L 


A  <'«"wwT«  migrant.    Kany  are  shoe  on  lAke  Pockmwa^ 
Food:  Booti  of  Vanineria  (Wih.)    VaOiBkeria  (De  KajX 


»5u  GLasoula  ffi^udux  (LcolV  Bbkhx.    GOLDEX-EYE:  6AX0T. 

Gbocp  L    CIjls  t, 

A  <■*»""*«*  nugrant.    Most  abondans  aboot  the  large  lakes.    Some  are  known 
to  winter  on  Lake  ¥irMgan,  north  of  Chicaga. 
Food:   «»**JHWK  and  amall  fry  (Wiban)^     Small   fUtk  and  aqoatic  planti 


S06L  CL&^recLA  blahmca  (OaL\  Bp.    BARBOW^  GOLDEX-ETK    Osoup  L 

QLAflB  c 


Mr.  Kelaon  reporta  thii  qwcia  aa  a  winter  reaident  on  Lake  Mlrhigan,  and 
■tates  that  Dr.  Hoy  writes  that  a  ^lecimen  waa  shot  at  Racine  during  the  winter 
of  IdML 

187.  CLasgixa.  albbola  (LcrcX  Sxspb.    BUFFLE-HEAD;  BUTTER-BALL; 

SPIRIT  DUCK.    Gbdcf  L    Class  e. 

A  common  migrant  and  more  abundant  tiian  tlie  preceding  members  of  this 
genoflL  It  remaiaa  upon  oor  strtrnma  nntil  they  are  fronen  oTer,  and  it  ia  among 
tike  first  to  return  in  the  spring. 

Food:  »^i^«H.  shrimps,  etc  (WilaonX  Aqoatie  Tegetablas  and  inaecta 
(DeKayV    SmaU  lUi  and  cnataoeana  (Samuel^ 
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86&  Habeida  OLAdALis  (LiNN.),  Lbaoh.     LONG^T ailed  DUCK;  OLD 

WIFE.    Group  I.    Class  c. 

An  abundant  migrant  and  winter  resident  upon  Lake  Michigan. 
Food:  One  specimen  obtained  at  Ithaca,  New  York,  October  80th,  had  in  its 
stomach  only  small  mollusks. 
Small  shellfish  (Wilson). 

260.  HiSTBiONious  MmuTUS  (Llnn.),  Coues.    harlequin  DUCK.    Qboup  L 

Classc 

Of  this  species  Mr.  Nelson  says:    "Rather  rare  winter  resident  upon  Lake 
Michigan.    Dr.  Hoy  has  secured  specimens  at  Racine." 
Food:  Shrimps,  shellfish,  roe,  aquatic  insects  and  mollusca  (Audubon). 

870.  SoMATEBiA  MOLUssiMA  (LiNiT.),  BoiB.    EIDER  DUCK.    Gboup  L  Class  e. 

This  species  is  included  in  Mr.  Nelson's  list,  and  he  there  states  that  Dr.  Hoy 
informs  him  that  a  specimen  was  obtained  at  Racine  in  January,  1876. 


871.  SOMATEBLA  SPECfTABILIB  (LlITN.),  BOIB.    KING  EIDER.    GBOITP  I.    CLASS  e. 

Mr.  Nelson  says:  "  A  single  specimen  has  been  taken  at  MQwaukee,  and  is 
preserved  at  that  place  (Hoy).'* 

The  three  following  species  are  reported  by  Mr.  Nelson  as  winter  residents  in 
Illinois.  From  this  it  may  be  expected  that  they  are  at  least  migrants  with  us, 
unless  in  their  movements  they  pass  across  the  state  without  alighting,  or  go  to 
the  east  of  it:  (Edemia  Amerieana,  Ghra ;  CBSismia /usoa  (Linn.),  Flem. ;  CEdemia 
pertpiciUata  (linn.),  Flem. 

272.  Ebisicatura  rubida  (Wils.),  Bp.    RUDDT  DUCK.   Group  L    Class  e. 

A  common  migrant.  Mr.  Nelson  mentions  the  occurrence  of  this  species  in 
Northeastern  Illinois  during  the  breeding  season. 

Food:  Marine  and  fresh-water  plants  and  seeds  (De  Kay).  Shell-fiah  and 
mollusks  (Samuels). 

27a.  NoMONTX  DOMnaoA  (Li5ir.),  Rma.    ST.  DOMINGO  DUCK.   Group  L 

Class  c. 

Mr.  Thure  Kumlien  has  reported  this  species  from  Wisoonain  (Cooes). 

274.  Merqus  hsroanser,  Llnn.    MERGANSER;  GOOSANDER.   Group  L 

Class  e. 
A  conmion  migrant. 
Food:  Fish,  aquatic  reptiles,  shells,  cray-flsh,  eto.  (De  Kay). 

276.  Merqus  berrator,  Lnnv.    RED-BREASTED  MERGANSER.    Group  IL 

Class  o. 
Not  a  very  common  migrant. 
Food:  Small  fry  and  shellfish  (Wilson). 
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278.  Mergxts  cucuLLATUS,  Linn.  HOODED  MRR6AXSER.  Group  IL  Class  c. 

This  handsome  species  is  an  abundant  migrant.  We  met  with  small  flocks  of 
them  upon  the  small  lakes  in  Northeastern  Wisconsin  during  the  month  of 
October,  1877, 

Food:  One  specimen  shot  at  Boulder  Lake  had  in  its  stomach  small  seeds, 
shells  and  vegetable  matter. 

Fresh- water  insects  and  their  larvas.  It  is  an  expert  fisherman  (Samuels). 
Snails,  tadpoles  and  insects  (Audubon). 


Family  PELECANIDJl:  Pelicans. 

277.  Pklecanus  trachybhynchub,  Lath.    AMERICAN  WHITE  PELICAN. 

Group  II.    Class  c 

This  large  scoop-net  fisherman  was  formerly  a  common  migrant  throughout 
the  state,  but  at  present  moves  north  along  the  Mississippi  and  further  west. 
There  is  a  specimen  in  the  cabinet  of  the  River  Falls  State  Normal  School,  which 
was  obtained  near  St.  Paul. 

Food:  A  specimen  shot  on  Cayuga  Lake,  N.  T.,  in  the  spring  of  1864,  had  in 
its  stomach  two  sunfish  fPomotia  mUgariaJt  one,  six,  and  the  other  eight  inches 
long,  and  two  bullheads  (W.  J.  Beal,  Am.  Nat.). 


Family  GBAGULIDJ!:  Cormorants. 

278.  Phalacrocx)rax  dilophus  (Sw.),  Nutt.    DOUBLE  CRESTED  COR- 
^  MORANT.    Group  II.    Class  c. 

A  regular  migrant,  but  not  very  common. 

Food:  Shrimps  and  various  kinds  of  fish  (Audubon). 


Family  LABID£:  Gulls,  etc. 

279.  Larus  glaucus,  BrIJnn.    GLAUCUS  GULL.    Group  II.    Class  c 

Mr.  Nelson  speaks  of  this  species  as  a  rare  winter  visitant  to  Lake  Michigan, 
and  states  that  Dr.  Hoy  has  killed  three  specimens  upon  the  lake  near  Racine. 

280.  Larus  arqentatus  Smithsonianus,  Coues.    SMITHSONIAN  HERRING 

GULL.    Group  II.    Class  c 

A  migrant  and  winter  resident  on  Lake  Michigan.  Dr.  Hoy  records  it  as  com- 
mon on  the  lakes.  Mr.  Nelson  states  that  a  colony  breed  on  an  island  between 
Green  Bay  and  Lake  Michigan. 

Food:  It  consists  principally  of  herrings,  of  which  they  destroy  great  numbers; 
also  other  flsh,  shrimps,  crabs,  shellfish,  as  well  as  young  birds  and  small  quad- 
rupeds. They  suck  all  the  eggs  they  can  find.  The  young  are  fed  chiefiy  upon 
shrimps  and  small  Crustacea  (Audubon). 
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281.  Labxts  Delawabbnsis,  Obd.    BING-BILLED  GULL.    Group  XL 

Class  c 

A  rather  common  migrant,  and,  with  the  last,  was  obtained  at  Whitewater. 

282.  BissA  TBIDAC7ITLA  (LiNN.),  Bp.    KITTIWAKE  GULL.    Gboup  IL 

Class  c 

Of  this  species  Mr.  Nelson  writes:  "  A  rare  winter  visitant  to  Lake  Michigan. 
Dr.  Hoy  writes  that  in  the  winter  of  1870  a  single  specimen  of  this  species  kept 
about  the  harbor  for  several  days,  but  was  too  shy  to  be  shot." 

288.  ChboIoocefhalus  Feunklini  (Bich.),  Bruch.    EBANKLIN'S  BOSY 

GULL.    Gboxtp  IL    Class  c 

Dr.  Hoy  states  ^at  a  specimen  was  obtained  at  Milwaukee  and  is  preserved  in 
a  collection  at  that  place  (Nelson).  Mr.  £.  S.  Biohmond  writes  me  that  he  has 
obtained  it  at  Whitewater. 


284.  ChboIoocephalxts  Philadblphia  (Ord.),  Lawb.    B0NAPABTB*S  BOSY 

GULL.    Gboup  IL    Class  c 

An  abundant  migrant. 

LaruB  leucopterus^  L,  marinu8y  L.  argentatus  and  ChrcfiiCocephaLlus  atriciUa 
are  other  Gulls  included  by  Mr.  Nelson  in  his  *'  Birds  of  Northeastern  Illinois.*' 
Both  Dr.  Hoy  and  Mr.  Nelson  allege  they  have  seen  specimens  of  Xema  Sabinii, 
which  they  did  not  secure. 

285.  Sterna  mattma,  Bodd.    BOYAL  TEBN.    Gboup  II.    Class  c 

A  specimen  was  taken  at  Milwaukee  many  years  since  and  preserved  in  a 
museum  there  (Hoy  from  Nelson).  > 

286.  Stebna  hibundo,  Linn.    COMMON  TEBN;  SBA  SWALLOW. 

Gboxtp  IL    Class  c. 

A  rather  common  migrant. 

287.  Stebna  Fostbbi,  Nutt.    FOSTER'S  TERN.    Gboup  II.    Class  c 

This  is  a  summer  resident  and  not  very  rare.  I  am  confident  that  I  have  seen 
it  five  times,  though  I  have  never  obtained  a  specimen. 

Sterna  anglica  and  Sterna  caspia  are  included  in  Mr.  Nelson's  list.  I  believe 
that  I  saw  tiie  first  species  at  Berlin*    Sterna  aupercUiaris  is  also  included. 

288.  Hydbochelidon  labxfobios  (Linn.),  Coues.    BLACK  TEBN.    Gboup  I. 

Class  c. 

This  is  a  very  abundant  sunmier  resident  and  is  to  be  found  about  most  of  our 
sloughs  and  weedy  lakes  in  large  nimibers. 

Food:  Of  six  specimens  examined,  three  had  eaten  six  dragon-fly  larvae;  three, 
six  water-scorpions;  one,  eight  dipterous  insects;  and  three,  twelve  other  insects. 

Grasshoppers,  crickets,  beetles,  spiders  and  other  insects  floating  on  the  wate! 
(Samuels).    Follows  the  plow  for  earth-worms  and  larvsB  (E.  W.  Nelson.) 
Vol.  I  — 89 
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Family  GOLTMBIDJ!:  Loons. 

289.  CoLYMBUS  TOBQUATUS,  BrI^nn.    GREAT  NORTHERN  DIVER.    Qboup 

II.    Class  c 

This  large  species  is  still  not  uncommon,  but  is  steadily  retiring.    It  is  a  sum- 
mer resident  and  breeds  regularly. 
Food:  Fish  (Wilson). 

290.  CoLYMBUS  ABcncuB.    BLACK-THROATED  DIVER.    Group  IL 

Class  c. 

In  regard  to  this  species  Mr.  Nelson  says:  **  A  very  rare  winter  visitant  on 
Lake  Michigan.  There  is  a  specimen  in  Dr.  Hoy's  collection,  taken  at  Racine, 
and  a  second  specimen  was  captured  and  preserved  at  Milwaukee. 

291.  CoLYMBXTS  8BFTENTBIONALIS,  LiNN.     RED-THROATED  DIVER.    Group 

IL    Class  c 

Said  to  be  not  uncommon  during  the  winter  on  Lake  Michigan. 


Family  PODIGIPIDJ;:  Grebes. 

292.  PoDiciFBS  00RNUTU8  (QiL),  Lath.    HORNED  GREBE.    Group  IL 

Class  c 

A  migrant  not  very  common.  A  specimen  was  taken  at  Berlin,  May  4, 1874, 
and  is  now  in  the  High  School- Cabinet. 

Food:  Insects,  fishes,  crabs,  fresh  and  salt  water  shells  (De  Kay).  On  salt 
water,  shrimps,  fishes  and  crabs;  on  fresh  water,  insects,  leeches,  small  frogs, 
tadpoles  and  aquatic  insects  (Audubon). 

298.  PODICIPES  ORISEIQENA  HOLB(ELLI  (Reinh.),  Coues.     AMERICAN  RED- 
NECKED GREBE.    Group  IL    Class  c. 

Said  to  be  rare  and  found  only  in  winter  on  Lake  Michigan. 

Food:  Smallest  fry,  amphibians,  reptiles,  insects  and  vegetables  (Audubon). 

294.  PoDiciFBS  AURITUS  (LiNN.),  Lath.    EUROPEAN  EARED  GREBE. 

Group  II.    Class  c 

Mr.  Nelson  speaks  of  this  species  as  rather  common  on  Lake  Michigan  in 
winter,  and  Dr.  Hoy  states  that  it  nests  on  the  margin  of  small  lakes,  and  is  a 
common  species. 

Food:  Fish,  aquatio  insects,  small  reptiles  and  seeds  of  aquatic  plants 
(Audubon). 

296.  PODILYMBXTS  PODICIPES  (LiNN.),  Lawr.     RED-BILLED  GREBE;   DAB- 

CUICK.    Group  I L    Class  c. 

This  is  a  very  common  species.  A  pair  or  more  is  to  be  found  upon  almost 
every  pond  and  stream. 

Food:  Of  six  specimens  examined,  two  contained  fifteen  dragon-fly  larvse;  four, 
fifteen  water-scorpions;  one,  seven  shells;  one,  nine  insects;  one,  a  email  bone; 
and  every  one  a  rather  large  pellet  of  feathers. 

Small  fry,  plants,  seeds,  aquatic  insects  and  snails  (Audubon). 
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CHAPTER  I. 

IRON  ORES. 

Bt  B.  D.  Ibyino. 

Iron  Industry  of  Wisconsin. 

Iron  mining  and  iron  smelting  are  industries  which  are  as  yet  in 
their  infancy  in  Wisconsin,  although  the  state  already  ranks  sixth 
among  the  states  of  the  Union  in  its  total  iron  production.  Accord- 
ing to  the  census  of  1870,  when  its  total  production  was  42,234  tons,  it 
was  then  twelfth  in  rank.*  This  production  has  thus  far  been  largely 
from  ores  raised  in  the  northern  peninsula  of  Michigan.  While  these 
ores  will  continue  to  come  to  Wisconsin  in  increasing  quantity,  her 
own  ores  will  in  the  future  yield  a  larger  and  larger  proportion  of 
the  total  product.  According  to  the  census  of  1880,  Wisconsin  had 
nine  iron  smelting  establishments,  with  a  total  capital  of  $2,843,218, 
employing  2,153  hands,  paying  out  $1,004,931  in  wages,  using 
$3,830,667  worth  of  raw  materials,  and  producing  178,935  tons  of 
iron,  worth  $6,580,391.» 

Iron  smelting  had  fairly  begun*  in  Wisconsin  between  the  years 
1850  and  1860.  In  1859  there  were  three  charcoal  furnaces  in  the 
state,  all  built  to  use  native  ores.  One  of  these  was  at  MayviUe,  in 
Dodge  county,  where  it  is  still  in  operation  —  having  been  rebuilt 
in  1872, —  and  is  using  still,  as  then,  the  CUnton  red  hematites  of 
that  vicinity.  The  second  of  these  furnaces  was  a  small  one,  at 
Ironton,  in  Sauk  county,  built  in  1857  to  produce  both  castings  and 
pig  iron  from  a  hematite  occurring  in  the  immediate  vicinity.  This 
furnace  is  still  in  operation,  using  the  same  ore.  The  third  of  these 
furnaces  was  at  Black  Eiver  Falls,  in  Jackson  county.  It  was  very 
small  and  was  soon  abandoned,  having  been  built  to  utilize  the  lean 
ferruginous  schists  of  that  vicinity.  These  schists  occur  about  Black 
Eiver  Falls  in  great  abundance,  but  no  one  at  all  conversant  with 
iron  ores  or  iron  smelting,  would  have  undertaken  to  base  an  enter- 
prise upon  them,  or,  rather,  upon  those  exposed  to  view,  for  it  is  not 
impossible  that  good  ores  may  lie  concealed  in  the  vicinity. 

1  Statitttdos  of  the  Iron  and  Steel  Production  of  the  United  States,  by  James  M« 
Swank,  p.  Id.    Reports  of  the  Tenth  Census. 
^  Op.  dt,  p.  47. 
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No  further  advance  was  made  in  the  iron  industry  in  Wisconsin 
until  1865,  when  a  charcoal  furnace  was  built  at  Iron  Eidge,  in 
Dodge  county,  to  use  the  Clinton  hematites  of  that  place.  Subs^ 
quently  two  furnaces  were  built  at  West  Depere,  in  Brown  county 
(1869  and  1872) ;  two  at  Depere,  in  the  same  county  (1869  and  1872); 
one  at  Green  Bay  (1870);  two  at  Bay  View,  near  Milwaukee  (1870 
and  1871);  two  at  Appleton  (1871  and  1872);  one  at  Milwaukee 
(1873) ;  and  one  at  Fond  du  Lao  (1874).  A  furnace  was  also  built  at 
Cazenovia,  in  Eichland  county,  in  1876,  to  smelt  brown  hematites 
of  that  vicinity,  but  was  torn  down  in  1879.  Most  of  these  later 
furnaces  were  built  to  use  charcoal  and  ores  from  the  northern  pen- 
insula of  Michigan.  The  three  furnaces  at  Bay  View  and  Milwau- 
kee use  anthracite  coal  and  coke.  Several  of  the  furnaces  smelt  a 
mixture  of  Lake  Superior  ores  and  the  red  hematite  from  Dodge 
county.  In  1880  there  were  thus  fourteen  furnaces  in  the  state, 
eleven  using  charcoal  and  three  anthracite  coal  and  coke.  The  only 
rolling  mill  in  Wisconsin  is  one  at  Bay  View  near  Milwaukee.  It 
is  a  large  mill,  and  produces  both  new  iron  rails  and  merchant  bar. 

Natubb  and  Pbinoipal  Pbopebties  of  thb  Sbvebal  Eums  of  Ibok 

Obb  Found  in  Wisconsin.^ 

All  iron  ores  are  made  up  of  two  portions.  These  are  the  min- 
eral containing  the  iron,  and  the  foreign  minerals  which  are  present 
as  impurities.  These  two  different  portions  are  mechanically  united 
with  one  another,  and  are  mingled  in  all  proportions,  there  being  a 
complete  graded  series,  from  ores  which  are  almost  or  quite  free  from 
foreign  matter,  to  rocks  in  which  the  iron  is  a  mere  accessory  or 
accidental  ingredient.  There  is  thus  no  sharp  line  between  iron  ores 
and  ferruginous  rocks.  Any  iron-bearing  substance  from  which  the 
iron  may  be  profitably  extracted  is  an  iron  ore,  and  as  the  percentage 
of  metallic  iron  at  which  this  may  be  done  varies  with  the^same 
kind  of  ore  in  different  regions,  and  with  different  kinds  of  ore  in 
the  same  region,  it  is  not  possible  to  lay  down  a  figure  at  which  an 
iron-bearing  substance  always  becomes  an  iron  ore.  What  would 
be  a  mere  worthless  rock  in  one  region,  would  be  a  valuable  ore  in 
another. 

Iron  ores  differ  from  one  another,  in  the  first  place,  as  to  the 
nature  of  the  iron-bearing  mineral  present,  and  in  the  second,  as  to 
the  nature  of  the  foreign  minerals.  So  far  as  Wisconsin  iron  ores 
are  concerned,  the  iron  mineral  is  always  one  of  three  kinds,  namriy : 

1  Such  ores  aa  do  not  occur  in  Wisconsin  are  not  spoken  of  here. 
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magnetite,  hematite,  or  limonite.  Two  of  these  minerals  at  times 
occur  in  the  same  ore.  Ores  in  which  the  iron  occurs  as  magnetite 
are  known  technically  as  "  magnetic  ores ; "  those  in  which  it  is  in 
the  shape  of  hematite,  as  ^^  hematite  ores ; "  and  those  in  which  it 
appears  as  limonite,  as  "  brown  ores."  The  hematites,  however, 
embrace  two  strongly  contrasted  varieties,  which  are  distinguished 
in  the  trade  as  "specular"  ores,  and  "red  hematites."  In  the 
former,  the  hematite  is  of  the  brilliantly  metallic-lustered  kind,  and 
in  the  latter  of  the  red,  earthy  kind.  There  are  intermediate  vari- 
eties, but  these  two  phases  are  usually  so  strongly  contrasted  in  the 
northwest,  both  as  to  occurrence  and  metallurgical  properties,  and 
are  so  generaUy  distinguished  in  the  iron  trade,  that  it  will  be  con- 
venient to  consider  them  separately  here.  The  red  hematites  in  turn 
present  various  gradation- varieties  into  the  "brown"  ores.  We 
may,  however,  most  conveniently  class  the  Wisconsin  ores  under 
the  four  general  heads  of  rruignetio  oresj  y^eauUvr  oresy  red  h^ematUea^ 
and  hrown  ores. 

Magnetic  Ores.  The  magnetic  ores,  as  already  indicated,  are 
those  in  which  the  iron  occurs  in  the  form  of  the  mineral  magnetite. 
This  mineral,  whose  physical  properties  are  fuUy  described  in  a 
previous  chapter,  is  composed  of  sesquioxide  of  iron,  68.97  per 
cent.,  and  protoxide  of  iron,  31.03  per  cent.  It  contains,  therefore, 
27.6  per  cent,  of  oxygen,  and  72.4  per  cent,  of  metallic  iron.  Since 
magnetic  ores  can  never  be  richer  than  pure  magnetite,  the  last 
figure  is  the  extreme  limit  of  the  richness  of  such  ores,  and,  indeed, 
since  magnetite  is  the  richest  of  iron-bearing  minerals,  for  iron  ores 
of  any  kind.  All  statements,  then,  as  to  the  existence  of  iron  ores 
of  higher  grade  than  this  are  without  foundation.  Experience 
shows,  in  fact,  that  magnetic  ores  very  rarely  exceed  65  per  cent 
of  metallic  iron.  In  Wisconsin  a  first  class  magnetic  ore  is  one 
containing  60  per  cent,  or  upwards.  Below  50  per  cent,  magnetic 
ores  are  not  now  salable  in  the  Wisconsin-Michigan  region.  Ores 
containing  from  50  to  60  per  cent,  are  second  class.  These  high 
figures  are  demanded  partly  on  account  of  the  distance  of  the  ore 
from  mineral  fuel  and  flux,  but  chiefly  on  account  of  the  nature  of  the 
foreign  matter  present.  This  is,  for  the  most  part,  quartz,  which, 
on  account  of  its  great  infusibility,  requires  a  large  proportion  of 
fluxing  material  to  produce  a  well  molten  slag. 

The  magnetic  ores  are  to  be  recognized  by  their  dark  color,  their 
high  specific  gravity,  and  their  attractability  by  the  magnet.  It 
constantly  occurs  that  explorers  in  the  Wisconsin  and  Michigan 
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woods,  inexperienced  in  the  recognition  of  iron  ores,  are  deceived 
into  supposing  that  dark  colored  and  rather  heavy  rocks  are  such 
ores.  Magnetite  is  not  an  uncommon  constituent  of  such  rocks, 
so  that  they  often  exert  a  marked  influence  upon  the  magnetic 
needle.  It  is  thus  desirable  that  the  explorer  should  have  some 
simple  rules  to  guide  him  in  distinguishing  between  iron  ore  and 
a  mere  ferruginous  rock.  In  the  first  place,  then,  a  small  pocket 
magnet,  which  any  explorer  may  readily  carry,  should  pick  up,  not 
merely  a  few  particles  from  the  powder  of  the  rock,  but  nearly  the 
whole  of  the  powder.  This  powder,  moreover,  should  be  black,  or 
very  nearly  so.  If  it  is  white,  or  even  distinctly  gray,  the  substance 
is  of  no  use  as  an  iron  ore.  There  should  also  be  perceptible  a 
more  or  less  metal-like  luster  to  the  specimen. 

The  weight  of  the  hand  specimen  also  is  an  excellent  guide  to  an 
experienced  hand.  Pure  magnetite  is  5.2  times  as  heavy  as  an 
equal  bulk  of  water  —  that  is,  its  specific  gravity  is  5.2, —  and  no 
magnetic  ore  is  of  value  unless  its  specific  gravity  is  upwards  of 
4.00.  This  difference  affords  a  ready  means  of  distinguishing  mag- 
netic ores  from  mere  rocks,  as  these  rarely  exceed  3.0  in  specific 
gravity.  Between  a  lean  and  worthless  magnetic  ore,  and  a  rich 
one,  the  distinction  is  often  somewhat  diflBcult  to  an  inexperienced 
hand.  Specific  gravity  determinations,  close  enough  for  practical 
purposes,  may,  however,  be  made  by  any  one  with  a  very  inexpen- 
sive piece  of  apparatus.  The  following  is  the  mode  of  procedure: 
"  With  an  ordinary  cheap  swing  balance,  weigh  the  piece  of  ore  first 
in  the  air,  and  afterwards  while  suspended  in  water.  Divide  the 
weight  in  air  by  the  difference  between  the  weight  in  air  and  the 
weight  in  water.  The  quotient  will  be  the  specific  gravity  of 
the  specimen.  This  specific  gravity,  multiplied  by  13,  if  the  ore 
be  apparently  a  rich  one,  or  by  12,  if  it  seem  to  be  lean,  will  give 
approximately  the  percentage  of  metallic  iron  in  the  specimen."  ^ 

Two  classes  of  magnetic  ore  are  met  with  in  Wisconsin.  In  one 
of  these  the  structure  of  the  ore  is  more  or  less  fine  granular,  the 
individual  crystalline  particles  crumbling  apart  readily.  The  other 
variety,  which  we  may  call  slaty  or  flag  ore,  is  very  much  more  com- 
pact, and  harder,  and  has,  as  the  name  implies,  a  more  highly  devel- 
oped slaty  structure.  Such  ores  are  more  apt  to  be  lean  in  iron 
than  granular  kinds.  Not  unfrequently,  also,  they  contain  a  nota- 
ble proportion  of  the  specular  oxide,  in  which  case  the  black  pow- 
der obtained  from  pure  magnetite  is  exchanged  for  a  purplish  one. 

1  See  T.  B.  Brooks  in  GeoL  Surv.  Michigan,  Part  I,  p.  202. 
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The  lean  flag  ores  of  the  Penokee  Kange,  for  instance,  present  all 
phases  from  hematite  with  a  little  magnetite,  to  magnetites  in  which 
there  is  no  admixture  of  the  specular  oxide.  Coarsely  crystalline 
magnetites,  like  those  of  the  Adirondack  region  of  New  York,  are 
unknown  among  the  Michigan  and  Wisconsin  ores. 

Of  the  foreign  minerals  mingled  with  these  magnetites,  quartz  is 
always  the  principal  one.  When  it  materially  exceeds  ten  per  cent, 
of  the  whole  mass,  the  ore  is  no  longer  a  first  class  one.  Besides 
quartz,  some  amphibolic  material,  such  as  actinoUte  or  hornblende, 
is  often  present;  but  the  quantity  is  always  too  small  to  have  any 
material  influence  upon  the  metallurgical  properties  of  the  ore. 
Pyrolusite,  or  some  other  manganese  oxide,  is  a  not  infrequent  minor 
ingredient,  its  proportion  at  times  reaching  three  or  even  four  per 
cent.  Pyrite  and  pyrrhotite  —  sulphides  of  iron  —  occur  only  in 
very  minute  quantity,  the  magnetic  ores  of  the  Lake  Superior  region 
generally  being  extraordinarily  free 'from  sulphur.  Phosphorus  is 
present  in  these  ores  in  minute  quantity  in  the  shape  of  the  mineral 
apatite  or  phosphate  of  lime.  The  quantity  of  this  ingredient, 
however,  is  only  very  rarely  suflBcient  to  influence  to  any  consider- 
able degree  the  value  of  the  ore.  The  phosphorus  of  the  Wiscon- 
sin magnetites  rarely  exceeds  0.15  per  cent.;  while  the  sulphur 
reaches  at  the  extreme,  0.20  per  cent. 

Specular  Ores.  The  specular  ores  have  the  iron- bearing  ingredient 
in  the  shape  of  iron  sesquioxide,  in  which  there  is  70  per  cent,  of 
metallic  iron  and  30  per  cent,  of  oxygen.  The  specular  ores  are 
distinguished  from  the  magnetic  by  their  more  brilliant  metallic 
luster,  and  the  red  color  of  the  powder.  So  far  as  the  richness  of 
the  different  grades  of  the  specular  ore  is  concerned,  as  also  their 
foreign  impurities,  and  the  use  of  the  specific  gravity  test  for  the 
determination  of  their  value,  what  has  already  been  said  for  the 
magnetic  ores  will  apply  equally  here.  The  specular  ores  are  gen- 
erally divided  by  the  Lake  Superior  miners  into  the  slate  and 
granular  varieties.^  The  two  same  varieties  have  already  been 
recognized  as  characterizing  the  magnetic  ores.  But  in  the  case  of 
the  specular  ores  the  slaty  structure  is  no  indication  of  probable 
leanness,  many  of  the  very  best  specular  ores  being  of  this  character. 
Such  ores  are  not  infrequently  as  perfectly  and  thinly  laminated  as 
a  typical  clay  slate.  The  granular  or  massive  specular  ore  shows, 
on  the  contrary,  none  of  this  lamination,  and  no  tendency  to  split 
into  slabs,  being  made  up  usually  of  minute  crystalline  grains.    In 

iGeoL  Survey  of  Mich.,  VoL  I,  Part  I,  p.  86. 
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some  cases  these  grains  are  perceptibly  of  an  octahedral  fornL  This 
octahedral  hematite,  which  is  known  to  mineralogists  under  the 
variety  name  of  martite,  is  plainly  the  result  of  a  molecular  change 
of  magnetite.  How  far  the  other  specular  hematites  of  the  Lake 
Superior  region  may  be  oxidized  magnetites,  is  an  open  question. 
The  granular  specular  ore  is  generally  firm  in  texture,  and  never 
friable  like  the  granular  magnetic  ores.  The  specular  ores  are 
only  rarely  without  any  admixture  of ^  magnetite. 

In  the  Menominee  river  region  there  is  found  much  of  a  peculiar 
soft,  friable,  blue  specular  ore,  which  is  unlike  the  ores  above 
described,  constituting  a  distinct  variety.  It  is  a  loose  aggregate  of 
minute  particles  of  specular  iron,  and  often  shows  some  tendency  to 
pass  over  to  a  red  hematite.* 

Red  Hematites,  The  red  or  earthy  hematites  have  the  iron  in  the 
same  chemical  combination  as  in  the  specular  varieties,  that  is  to 
say,  as  the  sesquioxide,  but  now  in  an  earthy  form,  without  metallic 
luster.  These  ores  also  commonly  diflfer,  so  far  as  Wisconsin  is  con- 
cerned, in  the  nature  of  the  foreign  impurities,  which  are  apt  to  be 
less  refractory  than  in  the  specular  ores.  On  this  account,  as  also  on 
account  of  their  more  open  and  porous  character,  the  red  hematites 
are  often  marketable  at  as  low  a  figure  as  40  per  cent,  of  metallic 
iron.  They  are  also  more  apt  to  be  rich  in  manganese  than  the 
magnetic  and  specular  ores,  whilst  at  the  same  time  they  are  more 
generally  characterized  by  a  notable  proportion  of  phosphorus  and 
sulphur.  Among  Wisconsin  red  hematites  we  have  to  note  three 
principal  varieties,  coming  from  different  regions,  and  different 
formations.  One  of  these  is  the  ore  pf  the  Clinton  formation  whose 
occurrence  is  described  below.  This  ore  is  characterized  commonly 
by  a  minute  concretionary  or  oolitic  structure,  yields  upwards  of  50 
per  cent,  of  metallic  iron,  and  1  to  3  per  cent,  of  phosphoric  acid, 
and  contains  a  mixture  of  clayey  and  calcareous  matter  as  foreign 
impurities.  Another  class  includes  a  part  of  the  so-called  "soft 
hematites "  of  the  Huronian,  though  some  of  these  ores  fall  under 
the  next  head.  Still  another  class  includes  some  of  the  ores  of  the 
Potsdam  sandstone  in  Central  Wisconsin,  as  for  instance  that  smelted 
at  Ironton  in  Sauk  county.  These  ores  are  at  times  partially 
hydrated,  but  in  other  cases  are  chiefly  red  hematite. 

Brown  Ores,    The  brown  ores  are  those  in  which  the  iron-bearing 
ingredient  is  the  hydrated  sesquioxide,  in  which  there  are  contained 

1  VoL  in,  pp.  604,  668. 
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of  iron  sesquioxide  85.6  per  cent.,  and  of  water  14.4  per  cent.  The 
metallic  iron  of  these  ores,  then,  when  they  are  free  from  foreign 
admixture,  reaches  59.92  per  cent.,  but  they  are  very  rarely  obtained 
with  more  than  50  per  cent.  They  are  recognized  by  their  light- 
brown  to  dark-brown  color,  and  the  Ught-brown  to  yellow  color  of 
their  powder.  They  vary  considerably  in  hardness,  at  times  becom- 
ing very  hard.  They  are  without  crystalline  structure,  being  com- 
monly— and  this  is  precisely  the  same  with  the  so-called  "  bog  ores  *' — 
of  a  more  or  less  open  texture,  to  which,  as  also  to  the  non-refrao- 
toiy  nature  of  the  foreign  material,  their  ease  of  reduction  is  due. 
The  foreign  impurity  is  at  times  clayey,  rarely  is  sandy,  and  not 
unfrequently  is  some  partially  decomposed  silicated  rock. 

Three  classes  of  the  brown  ores  may  be  distinguished  in  Wisdbn- 
sin.  Of  these,  one  inclades  a  part  of  the  so-called  hematites  of  the 
Potsdam  sandstone  of  Central  Wisconsin,  which  appear  to  have 
been  derived,  mediately  or  immediately,  from  bodies  of  the  sul- 
phide. These  ores  always  contain  some  non-hydrated  sesquioxide 
admixed,  and  at  times,  as  stated  above,  the  red  non-hydrated  oxide 
predominates.  Another  class  includes  the  bog  ores  which  underlie 
certain  marshes  of  Central  Wisconsin.  These  are  of  limited  extent, 
and  are  not  yet  utilized.  The  most  important  brown  ores  of  Wis- 
consin, however,  are  the  so-called  "soft  hematites  of  the  Huronian" 
of  the  Menominee  river  region.  They  are  earthy,  brownish,  and 
yellowish  ores,  often  with  much  admixed  red  hematite,  generally 
(vith  from  40  to  50  per  cent,  of  metallic  iron,  and  are  often  rich  m 
manganese. 

DisTBiBirnoK  and  Gooubrenob  of  Ibok  Obbs  in  Wisconsin. 

At  the  present  time,  iron  mining  is  carried  on  in  Wisconsin  in 
two  important  districts,  and  one  of  minor  importance.  These  are 
the  Iron  Bidge  region  of  Dodge  county  —  where  a  Clinton  red 
hematite  is  raised;  the  Menominee  region  of  Florence  county — 
where  specular  hematites  and  soft  hematites  are  obtained  from  the 
Huronian  schists;  and  the  small  district  In  the  neighborhood  of 
Ironton,  Sauk  county — where  a  brown  hematite  is  found  associated 
with  the  Potsdam  sandstone.  Besides  these  districts,  that  of  the 
Penokee  Huronian  area,  in  Lincoln  and  Ashland  counties,  is  not 
unlikely  to  produce  largely  in  the  near  future.  It  will  be  conven- 
ient, then,  to  take  up  the  Wisconsin  ores,  in  the  present  connection, 
in  the  following  order:  The  Huronian  ores;  the  Clinton  red  hema- 
tite ;  and  the  ores  of  the  Potsdam  sandstone. 
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Hnronian  Ores. 

The  Huronian  schists  of  the  Menominee  and  Penokee  regions  are 
described  in  full  in  Vol.  m  of  these  reports.^  Both  are  but  con- 
tinuations ot  the  iron-bearing  rooks  of  the  Marquette  region  of 
Michigan. 

Menominee  Region.  In  the  Menominee  dislwuct  the  principal 
rocks  of  the  Huronian  are  especially  homblendic  and  micaceous 
schist,  clay-slate,  chloritic  schist,  actinolite-schist,  limestone,  dio- 
rite,  diabase  and  iron  ores.  The  diorite  and  diabase  are,  in  the 
writer's  judgment,  always  of  eruptive  origin,  occurring  in  part  as 
interbedded  contemporaneous  flows,  and  in  part  as  intrusions.  , 

The  Menominee  schists  are  very  intricately  folded.  They  have 
been  studied  in  detail  by  Brooks,*  who  thinks  that  he  recognizes  in 
them  the  same  succession  of  beds  that  he  had  previously  made  out 
with  great  skill  and  labor  in  the  Marquette  region.  In  a  region  of 
such  complicated  folding,  however,  where  the  structure  is  yet  more 
obscured  by  the  occurrence  of  numerous  faults,  and  of  masses  of 
eruptive  material,  as  well  as  by  a  heavy  drift-covering,  the  mapping 
of  the  folds  has  to  be  in  large  measure  hypothetical  There  are  at 
least  two  horizons  in  the  Menominee  region  at  which  iron  occurs, 
if  we  accept  Brooks'  conclusions.  One  of  these  is  the  layer  marked 
by  him  as  VI,  counting  from  the  base  of  the  series,  and  the  other 
the  one  called  by  him  XV. 

As  to  the  proper  reference  of  the  first-named  of  these  horizons  to  the 
lower  part  of  the  series  there  can  be  little  doubt.  There  are  a  number 
of  mines  along  this  horizon  on  the  Michigan  side  of  the  Menominee 
nver,  near  the  boundary  line,  though  none  have  as  yet  been  opened 
on  it  in  Wisconsin.  This  bed  (VI)  forms  a  strongly  marked  ridge 
trending  N.  72°  W.,  whose  summit  is  not  infrequently  occupied  by 
remnants  of  the  horizontal  Potsdam  sandstone.  The  larger  part  of 
the  bed  is  made  up  of  ferruginous  quartz-schists  and  quartzites, 
often  running  into  lean  "  flag  "  ores,  and  now  and  then  into  ores 
of  sufficient  richness  for  working.  The  iron  oxide  in  these  rocks  is 
in  part  the  specular  and  in  part  the  red,  but,  although  in  wholly 
subordinate  quantity,  enough  of  the  magnetic  oxide  is  present  to 
affect  the  compass  needle  strongly  as  the  bed  is  crossed.  This 
bed  is  estimated  by  Brooks  to  have  a  total  thickness  of  some  700 
feet.  Immediately  beneath  it  is  a  very  heavy  and  easily  recognized 
bed  of  dolomite  or  crystalline  limestone  (V  of  Bropks'  scheme).' 

1  Parts  III,  IT,  Vn,  and  TOL         «  VoL  HI,  Part  Vn.         »  Vol.  HI,  p.  000. 
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The  ore  bodies  of  this  range  are  irregular  lens-shaped  masses  or 
portions  of  the  belt  richer  than  the  rest.  These  lenses,  with  one  or 
two  exceptions,  differ  from  most  of  those  met  with  in  the  Marquette 
region,  in  that  the  latter  are  distinctly  intercalated,  the  beds  above 
and  below  them  closing  together  about  them,  while  in  this  case  the 
iron  oxide  simply  impregnates  certain  areas  of  the  stratum,  whose 
subordinate  layers  continue  undeflected  through  the  ore  bodies.* 
The  ores  are  of  the  peculiar  "soft  specular"  variety,  already  noted 
as  found  only  in  the  Menominee  region.  They  lie  midway  between 
the  true  specular  and  red  hematites. 

As  an  illustration  of  the  occurrence  of  these  ores  in  the  Menom- 
inee region,  I  may  instance  the  ore-body  of  the  Breen  and  Emmett 
mines,  the  easternmost  on  the  range.  I  quote  from  Mr.  C.  E. 
Wright's  description :  "  These  mines  adjoin  one  another,  and  are 
located  on  the  north  side  of  a  swamp,  and  along  the  south  side  of 
a  low  ridge  or  plateau.  The  general  trend  or  strike  of  the  forma- 
tion  is  about  east  and  west,  and  the  dip  60^  to  the  south ;  the  ore 
stratum  therefore  dips  under  the  swamp."  In  the  Breen  mine  the 
ore  is  of  the  blue  *'  soft  specular  "  variety  just  mentioned,  while  in 
the  Emmett,  this  blue  ore,  with  a  thickness  of  twenty  feet,  is  over- 
lain, according  to  Mr.  Wright,  by  fifty  feet  of  brown  ore.  The  blue 
ore  carries  65.7  per  cent,  of  metallic  iron,  and  the  brown  60.33  per 
cent.,  the  latter  figure  proving  that  the  so-called  "  brown  ore "  has 
much  unhydrated  iron  oxide  in  its  composition. 

The  stratigraphical  position  of  the  second  ore  horizon  of  the  Me- 
nominee region  is  more  doubtful.  Brooks  placing  it  as  XV,  Wright 
as  XTTI  in  the  series.  However  this  may  be,  the  existence  of  a 
second  horizon  is  unquestionable.  It  is  opened  upon  at  several  points 
on  the  Wisconsin  side  of  the  Menominee  river,  and  at  the  Common- 
wealth and  Florence  mines  is  yielding  already  on  a  large  scale. 

There  are  also  several  belts  of  magnetic  attraction  known  on  the 
Wisconsin  side  of  the  Menominee,  along  which  no  developments 
have  as  yet  been  made.  The  existence  of  these  belts,  the  extraor- 
dinary developments  already  made  in  this  region,  and  the  great 
extent  towards  the  south  and  west  from  the  Menominee  river  of  the 
Huronian  schists,  lead  to  the  expectation  that  northeastern  Wis- 
consin will  become  in  the  future  one  of  the  most  prominent  iron- 
producing  areas  of  the  United  States. 

Penokee  Eegicm.  Passing  now  to  the  Huronian  of  the  Penokee 
region  in  Ashland,  Lincoln  and  Bayfield  counties,  we  find  the  for- 

■  I  .11.  I     ■!  ■    .1 
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mation  stretching  all  the  way  from  Lake  Namakagon,  in  Wisconsin, 
to  Lake  Agogebic  in  Michigan.  Along  the  whole  course  of  this 
belt  the  stratigraphical  succession  is  practically  the  same,  and  the 
dip  across  the  whole  width  of  the  belt,  which  is  from  half  a  mile  to 
three  miles,  constantly  to  the  northward.  Several  of  the  subdi- 
visions have  been  traced  uninterruptedly  as  much  as  fifty  miles. 
About  540  feet  above  the  base  of  the  series  comes  in  an  iron-bearing 
belt  from  800  to  900  feet  wide.  The  rocks  of  this  belt  in  Wisconsin 
are  chiefly  magnetic  quartzites  and  quartz-slates,  the  magnetite  in 
part  concentrated  into  narrow  and  very  rich  seams,  but  also  often 
uniformly  spread  through  the  mass,  and  then  mingled  with  all  sorts 
of  proportions  of  specular  hematite,  up  to  a  preponderating  quan- 
tity, and  often  also  with  small  quantities  of  actinolite  or  tremolite. 
Other  less  conmion  kinds  occur,  and  towards  the  west  end  of  the 
belt  there  are  interstratified  homblendic  beds.  Manganese  oxide  is 
always  present  in  notable  quantity,  and  the  phosphorus  and  sulphur 
are  always  low.  I  have  sampled  considerable  thicknesses  of  these 
magnetic  ores  containing  upwards  of  40  per  cent,  of  iVon,  and  numer- 
ous  narrow  bands  with  over  60  per  cent.,  but,  so  far  as  I  know,  no 
quantity  of  magnetic  ore,  salable  at  the  present  standard  of  ship- 
ment, has  yet  been  uncovered  on  the  Penokee  range. 

In  the  neighborhood  of  the  Michigan  boundary,  however,  and 
thence  eastward  for  about  fourteen  miles  in  Michigan,  there  have 
recently  been  some  important  developments  of  red  hematite  made. 
An  examination  of  Atlas  Plates  XXIV,  XXV,  and  XXVI,  and  the 
accompanying  descriptions  of  Vol.  Ill,*  will  show  that  the  magnetic 
attractions  observed  in  crossing  the  magnetic  belt  lessen  rapidly  in 
amount  as  one  goes  eastward  from  Potato  river  in  T.  45,  R.  1  E. 
Accompanying  this  change,  which  becomes  first  very  pronounced  in 
the  vicinity  of  the  Gogogashugun  river,  there  is  noticed,  where  the 
rocks  are  exposed,  a  lessening  in  the  amount  of  magnetite,  the  belt 
becoming  almost  entirely  quartzite,  with  here  and  there  bunches  and 
streaks  of  a  very  highly  manganiferous  red  hematite,  of  a  plainly 
secondary  origin.'    It  is  this  manganiferous  red  hematite  that  has 

ipp.  118-182,  158-162. 

2  See  especially  in  thlB  connection  pp.  181  and  182  of  Vol.  in,  and  the  Ann^ial  re- 
port for  1877.  In  the  latter,  after  describing  the  subjacent  formations,  Prof, 
Chamberlin  remarks  as  follows:  **  The  schists  are  overlain  by  more  massive  beds 
of  white  and  red  quartzites,  which  occupy  a  belt  at  the  surface  about  200  feet  in 
width.  These  graduate  into  a  series  of  alternating  layers  of  quartzite  and  iron 
ore,  which  are  but  partiaUy  exposed,  and  soon  become  entirely  concealed  by  drift. 
The  iron  ore  consists  of  red  hematite  and  limonite. 

'*  Where  exposed,  these  have  been  largely  eroded,  owing  to  their  softness,  giv- 
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since  been  found  in  quantity  by  digging.  On  the  Michigan  side  of 
the  Montreal  river  a  number  of  developments  have  been  made,  but 
in  Wisconsin  the  only  one  is  in  Sec.  33,  T.  46,  R.  2  E.,  just  west  of 
the  Gogogashugun  river,  where  a  bed  of  good  ore  27  feet  wide  and 
600  feet  ia  length  is  said  to  have  been  uncovered.* 

The  stratigraphical  arrangement  of  the  Penokee  Huronian  re- 
sembles so  nearly  that  of  the  Marquette  Huronian,  that  there  can 
be  little  doubt  of  the  equivalency  of  the  Fenokee  magnetic  belt 
with  Brooks'  beds  VI  to  XI  of  the  Marquette  region.  If  his  refer- 
ence of  the  Menominee  iron  belt  to  VI  of  his  Marquette  scheme  is 
correct,  then  that  belt  finds  its  equivalent  in  the  Penokee  range 
magnetic  belt. 

The  middle  portion  of  the  Penokee  Huronian  is  so  largely  drift 
covered,  that  we  are  ignorant  as  to  whether  the  equivalent  of  the 
Marquette  ore  horizon,  XIII,  is  here  ore-bearing  or  not.    The  rocks 

immediately  above  and  below  being  so  strikingly  like  those  of  the 

*^™^^^*^^  ^^■~'~"  ^^"^^^  ^^^-^—i ^— ^^^j^— ^.j. 

ing  rise  to  intervals  between  the  projecting  layers  of  quartzite.  The  average 
resisting  power  of  these  alternating  layers  is  less  than  that  of  the  adjacent 
quartzites  and  silicious  schists,  to  which  fact  is  doubtless  due  their  deeper  erosion 
and  limited  exposure.  Wherever  they  outcrop,  the  amount  of  quartzite  is  much 
greater  than  that  of  the  associated  ore,  otherwise  they  would  undoubtedly  have 
been  more  deeply  eroded  and  concealed.  There  is  also  present  with  the  iron  ores 
a  considerable  relative  proportion  of  manganese. 

'*  The  special  significance  of  these  facts  is  this.  To  the  westward,  where  the 
attractions  are  strong,  magnetite  and  specular  hematite  are  associated  in  a 
precisely  similar  way  with  quartz  rock,  and  occupy  a  corresponding  horizon. 
It  becomes  quite  evident  then  that  the  loss  of  magnetism  in  this  eastern  portion 
is  not  due  to  the  absence  of  iron  ore,  but  to  a  replacement  of  the  magnetic  and 
specular  ores  by  the  softer  red  hematite  and  limonite.  It  is  highly  probable 
thdt  all  these  ores  were  originally  of  the  same  character,  and  that  their  present 
variation  is  due  to  different  degrees  of  oxidation  and  hydration.  Oxidation  of 
the  magnetic  ores  would  produce  the  hematites,  and  hydration  of  these  the 
limonite.  We  may  be  justified  then  in  suggesting  that  the  eastern  portion  of  the 
range  has  furnished,  at  some  time  in  the  history  of  the  formation  composing  it, 
freer  access  of  air  and  water,  and  is  therefore  presumably  of  more  open  texture. 
This  harmonizes  with  the  fact  that  the  range  in  this  portion  has  suffered  more 
erosion,  as  shown  by  its  flattening  out  eastward.  It  is  also  to  be  observed  that 
the  rock  horizon  of  these  hematites  and  limonites  east  of  the  meridian,  does  not 
project  on  the  crest  of  the  range,  and  sometimes  occupies  a  more  or  less  evident 
depression  between  the  silicious  schists  on  the  south,  and  the  magnetic  slates  on 
the  north,  where  both  outcrop,  or  approach  the  surface.  It  is  along  the  line  of 
this  depression,  and  between  the  schists  and  slate,  that  the  greatest  probabilities 
of  the  existence  of  workable  ore  are  presented,  and  the  facts,  in  my  judgment, 
justify  a  prudent  and  intelligent  expenditure  of  means  in  testing  the  region  by 
the  interested  parties.*^    pp.  27-6. 

'  Report  of  J.  M.  Longyear  to  T.  M.  Davis,  Pres.  Lake  Superior  Ship  Canal 
and  Iron  Co.,  Sept  28,  18S2. 
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Marquette  series,  we  naturally  look  forward  to  the  discovery  of  ore 
here  in  the  future.  Whatever  discoveries  are  made,  they  are  not 
likely  to  be  of  magnetic  ore,  to  judge  from  the  negative  result  of 
the  magnetic  observations  made.  It  is  well  known  that  the  rich 
specular  and  soft  hematite  ores  do  not  outcrop. 

Other  Huronian  DistHcta.  Huronian  rocks  exist  on  the  western 
side  of  the  Chippewa  river,  and  in  Barron  county,  and  iron  ores  in 
small  quantities  are  known  to  occur  here,  some  of  them  manganif- 
erous.^ 

South  and  east  from  here,  on  Black  river,  the  Huronian  schists 
are  highly  ferruginous,  carrying  all  of  the  iron  oxides  —  magnetic, 
specular,  red  and  brown, —  but  the  iron  content  never  exceeds  25  to 
35  per  cent.  As  already  stated,  an  iron  furnace  was  once  erected 
here,  and  an  attempt  made  to  smelt  the  ores,  of  course  without  suc- 
cessful result.  It  is  not  impossible  that  marketable  ores  may  be 
found  here,  though  there  is  a  lack  of  definite  evidence  justifying 
the  expectation.  Such  rational  grounds  of  hope  as  there  are  lie 
in  the  possibilities  of  secondary  concentration  of  the  lean  schists 
such  as  occurs  in  the  Menominee  region.^ 

In  the  Baraboo  region  of  Sauk  county,'  large  bunches  of  brilliant 
specular  iron  in  veins  of  white  quartz  are  often  met  with,  but  no  in- 
dication of  the  existence  of  ore  in  quantity  in  the  Huronian  of  this 
region  has  been  observed.  It  is  a  matter  of  great  interest  that 
while  we  have  in  the  Penokee  and  Menominee  Ilui'onian  the  same 
kinds  and  succession  of  rocks  as  in  the  iron  district  of  Marquette, 
in  the  Baraboo  country,  and  to  the  northeast  from  there,  we  find  a 
great  development  of  the  porphyry  so  characteristic  of  the  Huron- 
ian iron  district  of  Missouri.  It  is  wholly  within  the  possibilities 
that  iron  ores  may  yet  be  discovered  in  the  Baraboo  Huronian. 

Iron  Ores  Associated  witli  the  Potsdam  Sandstone. 

In  the  counties  lying  immediately  north  of  the  Wisconsin  river, 
along  its  final  southwestward  stretch  to  the  Mississippi,  certain 
places  in  the  Potsdam  sandstone  are  very  highly  charged  with  red 
hematite,  and  this  at  times  nearly  excludes  the  sand.  A  very  good 
hematite  ore  occupying  such  a  position  has  been  opened  on  in  the 
eastern  part  of  the  town  of  Westfield,  T.  11,  R  4  E.,  but  the 
deposit  has  not  yet  been  fully  developed. 

1  Vol.  IV,  p.  578.  2  Vol.  II,  pp.  493^98.  s  Vol.  U,  pp.  504^19. 
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At  a  number  of  points  in  Richland,  Crawford,  Vernon  and 
western  Sauk  counties,  are  other  occurrences  of  red  and  brown  ores 
in  connection  with  the  Potsdam  sandstone.^  In  some  cases  these 
ores  are  plainly  the  result  of  the  direct  oxidation  of  bodies  of  iron 
sulphide,  which  is  frequently  found  remaining  in  them  in  little  cores, 
but  in  other  cases  —  for  instance,  that  of  the  vicinity  of  Ironton,  in 
Sauk  county— the  ore  is  of  a  botryoidal  and  stalactitic  nature,  occu- 
pying irregular  spaces  between  the  blocks  of  a  shattered  belt  of  the 
sandstone,  and  can  only  have  been  derived  indirectly  from  iron 
sulphide,  the  iron  chiefly  in  the  form  of  the  red  or  non-hydirated 
oxide,  but  there  is  usually  some  of  the  brown  or  hydrated  oxide,  and 
occasionally  the  latter  predominates.  These  deposits  are  always 
limited  in  size,  and  though  likely  to  furnish  a  basis  for  a  small  industry 
for  some  time  to  come,  they  do  not  appear  destined  to  assume  any 
great  importance.  The  small  furnace  at  Ironton,  Sauk  county,  has 
been  working  for  more  than  twenty  years  past  on  an  ore  derived 
from  one  of  these  deposits  —  the  one  just  referred  to  —  on  the 
S.  W.  i.  Sec.  10,  T.  12,  R.  3  E.  Some  25,000  tons  of  ore,  yieldmg 
11,000  tons  of  pig,  had  been  raised  here  prior  to  1873. 

Clinton  Iron  Ore. 

The  well  known  "  fossil,"  or  "  dyestone,"  ore,  which  occurs  at  so 
many  points  in  the  eastern  states  at  the  Clinton  horizon,  has  also  a 
large  development  in  Wisconsin.  The  Clinton  formation  in  the  region 
of  Lake  Michigan  merges  into  the  great  mass  of  limestone  which 
forms  nearly  the  whole  of  the  Upper  Silurian ;  but  at  the  junction 
of  this  limestone  mass  with  the  underlying  Cincinnati  shales,  the 
Clinton  ore  has  been  found  at  several  points.  This  junction  line 
has  been  indicated  closely  on  the  Atlas  Plates  X,  XI  and  XII,  Eastern 
Wisconsin,  by  Professor  Chamberlin,  who  has  shown  that  the  ore 
certainly  does  not  form  a  continuous  band  at  the  junction,  though 
always  occupying  this  position  when  found.  Though  not  improbably 
existing  at  many  points  now  unknown,  it  has  as  yet  been  developed 
in  quantity  at  only  one  point. 

At  this,  however,  the  deposit  is  of  enormous  dimensions.  At 
Iron  Ridge,  in  the  town  of  Hubbard  (T.  11,  R.  11  E.),  according  to 
Professor  Chamberlin,  the  ore  is  found  with  a  thickness  of  15  to 
25  feet,  lying  horizontally  underneath  a  west-facing  ledge  of  the 
Niagara  limestone.    It  is  in  more  or  less  distinct  layers,  three  to 

1  See  Mr.  Strong's  descriptions  in  Vol  IV»  pp.  49-^ 
Vol.  I— 40 
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fourteen  inches  in  thickness,  most  of  which  are  made  of  lens-shaped 
concretionary  grains,  ^  of  an  inch  in  diameter.  Some  of  the  lower 
layers  are  more  or  less  hydrated,  but  the  mass  is  ordinary  red  hem 
atite.  Two  small  charcoal  furnaces,  one  at  Mayville,  and  one  at 
Iron  Ridge,  smelt  this  ore  in  the  vicinity,  producing  a  pig  exceed 
ingly  rich  in  phosphorus,  and  using  little  or  no  flux.  The  average 
furnace  yield  is  45  per  cent.  Much  the  larger  part  of  the  ore,  how 
ever,  is  sent  away  to  mingle  with  the  Lake  Superior  and  Missouri 
Huronian  ores,  especially  the  former.  It  goes  to  Chicago,  Joliet  and 
Springfield,  Illinois;  St.  Louis,  Mo. ;  Wyandotte  and  Jackson,  Mich. ; 
and  Appleton,  Green  Bay,  and  Milwaukee,  Wisconsin.  The  Iron 
Ridge  mine  produced  in  1872,  82,371  tons.  The  great  extent  of 
these  deposits,  their  great  accessibility  from  occurrence  on  the  side 
of  a  ridge  and  in  a  thickly  settled  region,  and  the  usefulness  of  the 
ore  as  an  admixture  for  the  silicious  ore  of  Lake  Superior,  give  it  a 
very  great  value,  notwithstanding  the  large  content  of  phosphorus. 

CoMPOsmoN  OF  Wisconsin  Iron  Ores. 

The  following  table  of  analyses,  arranged  in  a  convenient  form 
for  comparison,  will  give  more  definite  ideas  as  to  the  composition 
of  the  various  ores  above  described.  Nos.  1  to  11  inclusive  are 
samples  from  the  Penokee  iron  range,  and  were  made  by  Prof.  W. 
W.  Daniells,  of  the  University  of  Wisconsin,  and  T.  B.  Bowman. 
Nos.  1  to  5  inclusive  are  samples  taken  from  the  west  bluff  at 
Penokee  Gap,  Sec.  14,  T.  44,  R.  3  W. ;  No.  1  represented  a  thick- 
ness of  19  feet;  2,  of  18  feet;  3,  of  10  feet;  4,  a  10-inch  seam  of 
granular  magnetite;  5,  a  2-inch  rich  seam.  No.  6  is  of  a  sample 
from  the  N.  E.  quarter  of  Sec.  15,  T.  44,  R.  3  W.,  representing 
41  inches;  No.  7,  of  a  sample  from  the  N.  E.  quarter  of  Sec.  14, 
T.  44,  R.  3  W.,  representing  50  inches;  No.  8,  of  one  from  the  S.  E. 
quarter  of  Sec.  10,  T.  46,  R.  3  W.,  representing  58  feet;  No.  9,  of 
one  from  S.  W.  quarter  of  Sec.  1,  T.  44,  R.  2  W.,  representing  a 
thickness  of  20  feet;  No.  10,  of  one  from  rich  seams,  S.  E.  quarter 
of  Sec.  32,  T.  45,  R.  1  W. ;  and  No.  11,  of  one  representing  a 
thickness  of  25  feet,  from  near  the  Potato  river,  Sec.  19,  T.  45, 
R.  1  E.  Nos.  12  to  19  inclusive  represent  samples  of  the  Menom- 
inee  Huronian  ores,  and  are  taken  from  C.  E.  Wright's  report  on 
that  region.  No.  12  represents  the  36-feet  bed;  No.  13,  an  over- 
lying 10  feet  of  leaner  ore;  and  No.  14,  the  68-feet  bed  —  all  from 
the  Commonwealth  mine.  No.  15  represents  10  feet  of  specular  ore; 
No.  16,  15  feet  of  hard  hematite;  No.  17,  18  feet  of  soft  hematite 
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and  limonite;  No.  10,  9  feet  of  soft  hematite;  and  No.  19,  6  feet  of 
shaly  specular  ore  —  all  from  the  Florence  mine.  No.  20,  by  Chilton, 
represents  the  Clinton  ore  of  Iron  Ridge,  Dodge  county.  Nos. 
21  and  22,  by  Oliver  Matthews,  represent  bog  ores,  from  Necedah, 
Juneau  county,  and  Grand  Rapids,  Wood  county,  respectively. 
Nos.  23  and  24,  by  Prof.  Daniells,  are  hematites  from  the  Potsdam 
sandstone  of  Richland,  Crawford  and  Vernon  counties.  No.  23 
represents  a  good  sized  body  of  ore  on  the  N.  "W.  quarter  Sec.  12 
T.  10,  R  1  W.,  about  three  miles  northwest  of  Richland  Center. 
No.  24  is  an  ore  occurring  on  the  N.  W.  quarter  Sec.  18,  T.  13, 
R.  2E. 

The  following  analyses  of  Michigan  Huronian  ores  are  added  be- 
cause such  ores  are  to  be  expected  from  the  Huronian  of  Wisconsin. 
Nos.  1,  2,  3,  and  4  of  these  analyses  are  from  T.  B.  Brooks'  report 
on  the  iron-bearing  rocks  of  the  northern  peninsula  of  Michigan.* 
They  are  not  the  results  of  single  analyses  in  each  case,  but  give 
"  an  approximate  general  summary  of  the  results  "  of  a  large  num- 
ber of  analyses,  "exhibiting  the  average  composition  of  the  four 
classes  of  ores  now  produced  (1873)  by  the  following  mines  of  the 
Marquette  region : 

"  1.  Red  Specular  Ores,  Bamum,  Cleveland,  Jackson,  Lake  Supe- 
rior, New  York,  Republic,  and  Kloman. 

"  2.  Black  Magnetic  amd  Slate  Ores.  Champion,  Edwards,  Michi- 
gan, Spurr,  and  Washington. 

"  3.  Soft  Hematites,  Foster,  Lake  Superior,  Lake  Angeline,  Tayler, 
Macomber,  New  England,  Shenango,  S.  C.  Smith,  and  Winthrop. 

"4.  Flag  Ore,    Cascade." 
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1  Geological  Survey  of  Michigan,  1860-1873,  Vol.  I,  p.  285. 
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Nos.  5  to  10  inclusive  are  Menominee  range  ores,  all  being,  with 
one  exception,  of  the  "  soft  specular "  variety.  No.  6  is  the  soft 
specular  ore  of  the  Emmett  mine ;  No.  6,  that  of  the  Breen ;  *  No.  7 
is  a  brown  ore  from  the  Emmett ;  *  No.  8  is  from  the  Norway ;  * 
No.  9  from  the  Quinnesec ;  *  and  No.  10  from  the  Cyclops.' 

I  add  a  few  words  in  explanation  of  the  effects  of  their  foreign 
impurities  upon  the  metallurgical  properties  of  iron  ores,  for  the 
benefit  of  those  not  especially  acquainted  with  the  subject.  In  this 
connection,  these  foreign  ingredients  may  be  considered  under  two 
heads,  viz. :  (1)  those  foreign  constituents  which  make  up  the  gangue 
matter,  and  are  therefore  commonly  present  in  relatively  large 
quantity ;  and  (2)  those  accidental  impurities,  which,  although  oc- 
curring in  relatively  small  proportion,  are  yet  of  great  importance, 
because  they  enter  into  the  pig  iron  produced  in  the  smelting  proc- 
ess, and  affect  its  properties  and  value  in  a  notable  degree. 

The  most  common  gangue  matter  in  the  Wisconsin  ores  is  silica, 
in  the  shape  of  the  mineral  quartz.  The  effect  of  this  ingredient  is 
to  render  the  ores  more  difficult  of  fusion;  a  serious  matter,  es- 
pecially in  the  case  of  those  ores  in  which  the  iron  oxide  ingredient 
is  magnetite,  or  specular  hematite.  A  large  quantity  of  silica  in 
the  ore  renders  necessary  a  large  addition  of  flux,  and  a  consequent 
reduction  of  the  total  iron  content  of  the  furnace  charge.  In  the 
specular  and  magnetic  varieties,  ten  per  cent,  is  the  outside  limit  of 
the  silica  content  for  a  first  class  ore,  while  ores  with  25  per  cent, 
are  hardly  salable,  save  as  they  may  serve  as  a  fluxing  material  for 
calcareous  ores.  Besides  silica,  iron  ores  nearJy  always  have  among 
the  gangue  constituents  lime,  alumina,  and  magnesia.  In  the  mag- 
netic and  specular  ores  of  the  northern  part  of  the  state,  in  which 
they  occur  as  silicates,  these  ingredients  are  reduced  to  a  minimum, 
and  while  they  aid,  as  far  as  their  amounts  allow,  in  slagging  the 
silica,  they  are  yet  commonly  in  too  small  proportion  to  exert  much 
influence. 

Blast  furnace  slags  are  silicates  of  alumina  and  lime,  which  last 
ingredient  may  be  more  or  less  largely  replaced  by  magnesia.  Since 
silica  is  commonly  the  predominating  gangue  constituent,  limestones 
are  in  most  cases  used  as  the  fluxing  material.  Besides  lime  these 
furnish  often  also  to  the  slag,  alumina  and  magnesia  and  some  silica. 
The  nature  of  the  limestone  to  be  used  will  then  depend  upon  the  com- 

1  VoL  m,  p.  668.  *  Vol.  in,  p.  676. 

2  VoL  in,  p.  668.  »  VoL  HI,  p.  673. 
•  VoLHI,  p.  672. 
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position  of  the  ores,  and  since  the  best  composition  for  slags  is  well 
settled  by  experience,  it  is  possible  by  a  verj"  simple  calculation  to 
arrive  at  the  amount  and  character  of  the  limestone  to  be  added. 
Certain  ores,  as,  for  instance,  the  Clinton  ore  of  Dodge  county,  have 
already  a  large  amount  of  calcareous  material,  and  may  even  be 
smelted  without  flux,  the  various  slag-forming  ingredients  being 
present  in  the  right  proportion.  In  other  cases,  however,  silicious 
matter  has  to  be  added  to  the  furnace  charge,  and  it  is  often  very 
advantageous  to  do  this  in  the  shape  of  lean  silicious  ores  such  as 
occur  in  great  abundance  in  the  Lake  Superior  region,  for  in  this 
way  the  iron  product  is  increased,  and  ores  otherwise  useless  may  be 
treated  alone. 

The  second  class  of  impurities  includes  manganese,  sulphur,  anil 
phosphorus,  which  occur  respectively  as  oxide  of  manganese,  sul- 
phide of  iron,  and  phosphate  of  lime.  Manganese  really  belongs  to 
both  classes  of  impurities,  since  it  oft^n  exerts  an  important  influ- 
ence on  the  slag,  besides  entering  into  the  composition  of  the  pig  iron. 
Manganese  oxide  is  present  in  many  iron  ores,  and  its  presence  is  in 
general  regarded  as  advantageous.  It  always  tends  to  make  the 
slag  more  readily  fusible,  a  relatively  very  small  proportion  of  man- 
ganese exerting  a  great  influence.  Pig  iron  containing  manganese 
is  especially  adapted  to  conversion  into  wrought  iron  and  steeL 

Sulphur  and  phosphorus  are  the  two  chief  hurtful  impurities  found 
in  iron  ores,  and  are  the  great  bugbears  of  the  makers  of  wrought 
iron  and  steel.  Besides  occurring  in  the  iron  ores,  sulphur  is  also 
present  in  all  mineral  fuels  used  in  iron  smelting,  and  in  many  lime- 
stones used  as  fluxes,  while  not  many  limestones  are  completely  free 
from  phospliorus.  Of  the  two,  sulphur  is  the  less  objectionable  in- 
gredient in  the  furnace  charge,  because  it  may  be  in  large  measure 
gotten  rid  of  in  the  smelting  process,  and  agam  to  some  extent  in 
the  process  of  converting  pig  iron  into  wrought  iron.  The  chief 
injurious  elTect  of  sulphur  is  the  "  redshortuess,"  or  brittleness  at  a 
red  heat,  which  it  imparts  to  both  wrought  iron  and  steel.  The 
largest  amount  of  sulphur  that  steel  will  stand  without  serious  im- 
])airment  of  its  malleability  is  0.10  per  cent.,  while  wrought  iron  is 
])erceptibly  redshort  with  more  tiian  0.05  per  cent. 

Phosphorus  produces  the  contrary  efl'ect,  i.  e.,  renders  iron  and 
steel '*  coldshort,'' or  brittle  when  cold.  It  also  greatly  increases 
the  brittleness  of  cast  iron.  In  wrought  iron  more  than  0.10  per 
cent,  of  ))hosphorus  tends  to  the  production  of  a  coiirsely  crystalline 
grain,  whereby  the  strength  and  extensibility  are  decreased  and  the 
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hardness  increased,  although  a  larger  percentage  has  been  found  not 
to  impair  the  strength,  when  the  iron  has  been  drawn  out  to  such 
an  extent  that  it  exhibits  a  fibrous  structure  on  a  fracture. 

Phosphorus  has  the  same  effect  on  steel,  but  the  ^proportion  that 
may  bo  present  without  detriment  is  found  to  vary  with  the  amount 
of  carbon  present,  i.  e.,  more  phosphorus  may  be  present  as  the  car- 
bon content  is  lowered.  These  same  steels  containing  only  0.05  per 
cent,  of  phosphorus  are  unfit  for  rails,  while  others  in  which  the 
carbon  does  not  exceed  0.15  per  cent,  have  been  found  to  contain 
0.35  per  cent,  of  phosphorus  without  serious  injury  to  the  strength 
and  ductility  of  the  metal. 

In  the  production  of  pig  iron  from  its  ores  practically  all  of  the 
phosphorus  in  the  charge  passes  into  the  pig  iron.  In  the  conver- 
sion of  the  pig  into  wrought  iron,  phosphorus  is  in  a  measure  elimi- 
nated, but  in  the  steel-making  processes,  as  still  ordinarily  carried 
out  in  this  country,  nearly  all  the  phosphorus  in  the  pig  passes  into 
the  steel.  Thus  in  the  making  of  pig  iron  for  steel  making,  ores 
exceedingly  free  from  phosphorus  are  needed.  One-tenth  of  one 
per  cent,  of  phosphorus  is  commonly  given  as  the  outside  limit  for 
a  pig  iron  from  which  Bessemer  steel  is  to  be  made,  and  since  all  of 
the  phosphorus  in  the  furnace  charge  will  pass  into  the  pig,  it  is  easy 
to  foresee  from  the  analysis  of  an  ore  whether  it  will  produce  so 
pure  a  pig.  Of  course  it  follows  also  that  the  leaner  in  iron  the  ores 
are,  the  less  phosphorus  they  can  stand. 

In  the  future,  however,  phosphorus-bearing  ores  will  be  largely 
used  in  making  steel,  the  new  "  basic "  processes  making  pos- 
sible the  removal  of  a  large  percentage  of  phosphorus  during  the 
conversion  of  pig  iron  into  steel.  It  should  also  be  remembered 
that  pig  irons  to  be  used  for  making  castings  may  carry  much  larger 
quantities  of  sulphur  and  phosphorus  than  indicated  by  the  figures 
above  given,  so  that  iron  ores  only  very  rarely  contain  enough  of 
either  of  these  elements  to  render  them  entirely  worthless. 

The  Search   fob  Iron  Ores — Determination  of   the  Value  of 

Iron  Deposits. 

Iron  ores  of  value  very  rarely  outcrop  in  force,  and  hardly  ever 
in  such  a  way  as  to  give  any  satisfactory  answer  to  a  question  as  to 
the  probable  extent  and  value  of  the  deposits.  Usually  they  are 
more  or  less  deeply  buried  beneath  surface  debris,  which  is  either 
glacial  drift,  or  the  immediate  result  of  the  degradation  of  the  sur- 
rounding rocks.    Kich  iron  ores  are  easily  disintegrated,  and  in  all 
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those  regions  occupied  by  the  glacial  drift  have  offered  so  feeble  a 
resistance  to  the  glacial  forces  that  their  upper  edges  have  been 
nearly  always  broken  down  and  buried  beneath  loose  material.  In- 
deed, the  mere  fact  that  an  iron  ore  outcrops  at  the  surface  in  these 
glaciated  regions  —  unless  some  special  and  obvious  reasons  for  its 
protection  appear  —  is  a  good  indication  of  the  presence  in  the  ore 
of  a  large  and  hurtful  content  of  quartz,  to  whose  resistant  power 
the  appearance  of  the  ore  at  the  surface  is  to  be  attributed. 

Thus  it  comes  to  be  frequently  the  case  that  iron  ore  deposits  have 
to  be  in  the  first  place  searched  for  by  the  aid  of  various  surface  in- 
dications, and  next  to  be  uncovered  by  digging  away  at  least  some 
of  the  overlying  debris,  before  any  satisfactory  conclusion  as  to  size 
and  value  can  be  reached.  Since  this  digging  is  a  costly  matter,  it 
is  of  course  desirable  to  exhaust  the  surface  indications  before  pro- 
ceeding to  excavation. 

These  surface  indications  may  be  classed  under  four  different  heads : 
(1)  We  may  in  the  first  place  search  for  a  definite  geological  horizon, 
as  indicated  by  rock  outcrops;  (2)  we  may  next  make  use  of  the  evi- 
dence afforded  by  the  appearance  at  surface  of  loose  fragments  of 
ore ;  (3)  we  may  also  gain  some  information  by  a  careful  observa- 
tion of  the  topography  of  the  region  under  examination ;  (4)  and 
finally,  in  a  search  for  magnetic  ores  or  specular  ores  containing 
some  magnetite,  we  may  make  use  of  the  magnetic  attractions  as 
indicated  by  the  disturbances  of  a  compass  needle. 

Much  the  most  important  ores  in  Wisconsin  are  those  of  the 
Huronian  regions  of  the  northern  and  northeastern  parts  of  the  state, 
and  it  is  especially  with  regard  to  these  ores  that  this  section  of  the 
chapter  is  designed  to  refer.  The  Potsdam  and  Clinton  ores  may 
be  more  rapidly  dismissed  in  the  present  connection. 

PoUdwrn  Ores,  With  regard  to  the  ores  of  the  Potsdam  sandstone 
it  may  be  said,  in  the  first  place,  that  they  are  not  expected  to  occur 
except  within  the  driftless  area  of  the  state.  Within  this  area, 
moreover,  they  are  not  likely  to  occur  without  the  region  included 
in  Vernon,  Crawford,  Richland,  and  western  Sauk  counties.  Ac- 
cording to  Mr.  Strong,*  these  iron  ores  are  to  be  especially  looked 
for  where  the  underlying  rock  is  the  upper  portion  of  the  Potsdam 
sandstone.  The  surface  indication  in  the  case  of  these  deposits  is 
an  iron  stain  to  the  surface  soil  about  them,  and  the  occurrence  upon 
the  surface  of  numerous  fragments  of  ore.     Since  there  has  been  no 
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glacial  action  in  the  region  in  which  these  ores  occur,  the  deposits 
are  to  be  looked  for  up  hill  or  up  stream  from  where  the  fragments 
are  found.  Before  one  of  these  deposits  can  be  shown  to  be  of  any 
considerable  value,  it  must  be  uncovered  sufficiently  to  render  cer- 
tain the  possibility  of  obtaining  at  least  several  thousand  tons  of 
ore,  containing  over  40  per  cent,  of  metaUic  iron,  and  this  without 
the  necessity  of  handling  any  largo  quantity  of  waste  material. 

ClvrUon  Ores.  In  searching  for  deposits  of  the  Clinton  or  "  fossil " 
ore  in  Eastern  Wisconsin,  the  explorer  has  first  to  place  himself  upon 
the  correct  geological  horizon.  This  horizon  has  been  very  care- 
fully mapped  by  Prof.  Chamberlin  on  Atlas  Plates  X,  XI,  XII, 
and  is  generally  sharply  marked  by  the  topography,  lying  at  the 
foot  of  the  steep  western  face  of  the  ridge  of  Niagara  limestone 
which  forms  the  eastern  side  of  the  great  valley  of  Eastern  Wis- 
consin.^ The  occurrence  at  this  horizon  of  loose  surface  fragments 
of  ore,  or  of  bodies  of  ore,  penetrated  in  digging  cellars  or  wells, 
are  the  only  other  indications  that  can  be  made  use  of.  In  order  to 
be  of  value,  a  deposit  of  this  ore  must  be  capable  of  producing  at 
least  several  thousand  tons  of  ore  with  over  40  per  cent,  metallic  iron. 

Huromcm  Ores,  One  of  the  most  prominent  facts  in  regard  to 
the  Huronian  ores  of  Wisconsin  and  Michigan,  is  the  occurrence  of 
the  deposits  in  well-defined  belts,  parallel  to  the  courses  of  the 
adjacent  rock  belts.  In  other  words,  these  ore  deposits  are  con- 
fined to  certain  geological  horizons,  or  beds  of  rock.  The  series 
of  rocks  in  which  these  ores  occur  is  a  succession  of  much  folded 
layers,  the  complexity  of  whose  arrangement  has  been  still  further 
increased  by  the  introduction  of  eruptive  matter.  Great  denuda- 
tion having  supervened  upon  the  original  folding  of  these  rocks, 
the  several  beds  present  themselves  in  the  shape  of  layers  standing 
on  end,  and  traversing  the  country  in  regular  belts.  The  iron  ores 
being  confined  to  certain  ones  of  these  belts,  it  should  become  the 
explorer's  first  object  to  place  himself  upon  one  of  the  iron  ore  belts. 

Although  in  a  district  distant  from  any  known  deposits  of  ore  this 
becomes  a  difficult  task,  and  one  which  calls  for  special  geological 
experience,  where  there  are  openings  on  ore  deposits  within  any  rea- 
sonable distance  it  becomes  an  easy  matter.  Starting  at  any  point 
where  ore  has  been  exposed,  the  explorer  notes  the  courses  of  the 
exposed  ore-body  and  of  its  adjoining  rock  beds.  Projecting  the  line 
thus  indicated  into  the  adjacent  territory,  he  then  searches  along  it 
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for  further  indications  of  ore.  Usually  he  is  further  aided,  however, 
by  the  occurrence  of  more  than  one  ore  deposit  in  a  line,  or  by  out- 
crops of  rock  beds  whose  positions  with  reference  to  the  ore  horizons 
are  well  known.  Frequently  these  ore  belts,  and  the  adjacent  ones 
of  rock,  run  on  curving  lines,  so  that  one  searching  along  a  straight 
line  projected  at  any  great  distance  from  a  known  deposit  is  apt  to 
be  working  off  to  one  side  or  another  of  the  true  position  of  the  belt. 

A  constant  reference,  therefore,  to  ledges  of  a  known  and  well 
marked  horizon  should  be  made  whenever  it  is  possible.  In  the 
Menominee  river  iron  belt,  for  instance,  immediately  underlying  the 
ore  horizon  (Formation  VI),  and  forming  a  belt  directly  to  the  north 
of  it,  is  a  very  marked  belt  of  dolomitio  limestone  (Formation  V), 
over  a  thousand  feet  in  width.  This  limestone  is  in  nearly  contin- 
uous exposure  for  fifteen  miles  or  more.  Still  lower  in  the  series,  and 
therefore  more  distantly  removed  from  the  ore  horizon,  is  a  very 
heavy  bed  of  quartzite'  (Formation  II),  which,  owing  to  its  great 
thickness  and  resistant  power,  makes  frequent  outcrops  and  often 
rises  into  a  bold  ridge.  Such  strongly  marked  horizons  as  these 
serve  as  sure  guides  in  the  search  for  ore  deposits.*  West  of  the 
Menominee  river,  in  Wisconsin,  the  exposures  of  rock  become  much 
rarer,  and  since  it  is  certain  that  there  are  here  a  number  of  folds  in 
the  Huronian  beds,  it  becomes  very  much  more  difficult  to  deter- 
mine the  horizon  to  which  any  outcrop  of  rock  should  be  referred. 

In  the  Penokee  iron  region,  however,  it  is  always  an  easy  matter 
to  determine  one's  position  in  the  geological  series,  the  rocks  here 
being  unfolded,  dipping  constantly  to  the  north,  and  l^^ng,  all  told, 
within  a  belt  whose  width  rarely  exceeds  two  miles,  and  is  often 
less  than  one.  All  the  discoveries  of  ore  in  this  region,  thus  far 
made,  are  confined  to  a  single  belt  (Formation  lY).  This  belt, 
through  much  of  its  length,  forms  a  bold  ridge,  so  that  the  searcher 
for  ore  along  its  course  should  have  little  difficulty  in  locating  him- 
self correctly.  Even  where  this  ridge  loses  its  prominence,  there  is 
no  difficulty  in  determining  the  position  of  the  ore  belt,  since  imme- 
diately to  the  south  of  it  is  always  a  broad  belt  of  a  peculiar  sili- 
cious  schist,  which  makes  very  frequent  exposures.^ 

In  making  use  of  the  evidence  of  loose  material  on  the  surface 
in  search  of  Huronian  ores,  two  principles  have  to  be  kept  in  view. 


1  For  a  full  exposition  of  the  geological  structure  of  the  Menominee  iron  region, 
see  Vol.  Ill,  Parts  VII  and  VIII,  and  the  accompanying  Atlas  Plates  XXVII, 
XXVIII,  and  XXIX,  by  T.  B.  Brooks  and  C.  E.  Wright. 

2  For  a  full  exposition  of  the  geological  structure  of  the  Penokee  region,  see 
VoL  lU,  Part  III,  and  the  accompanying  Atlas  Plates  XXI  to  XXVI,  inclusive. 
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viz. :  the  loose  fragments  of  ore  should  be  angular,  and  the  deposit 
from  which  they  have  come  should  be  looked  for  to  the  northeast 
from  where  the  fragments  are  found.  Lack  of  angularity  indicates 
in  general  that  the  fragments  have  come  from  so  great  a  distance 
as  to  have  no  value  as  an  indication  of  the  proximity  of  an  ore  de- 
posit. An  exception  to  this  would  be  where  the  fragments  are 
found  in  the  bed  of  a  rapid  and  good-sized  stream,  in  which  case  a 
certain  amount  of  rounding  may  have  been  produced  by  the  action 
of  the  running  water.  That  the  ore  deposits  lie  to  the  northeast 
from  the  loose  fragments  that  have  been  drifted  from  them,  follows 
from  the  fact  that  the  ice  of  the  glacial  period  in  both  Menominee 
and  Penokee  regions  had  a  northeast-southwest  course.  In  the 
Menominee  region,  this  course  was  indeed  often  well  to  the  west- 
ward of  southwest,  or  nearly  due  west.  The  only  exceptions  to 
this  rule  would  be  where  the  fragments  had  rolled  down  the  steep 
north  face  of  the  ridge  in  which  the  ore  deposits  occur,  or  where 
they  had  been  moved  for  short  distances  in  abnormal  directions  by 
rapidly  flowing  streams. 

In  searching  for  these  ores  useful  hints  may  often  be  obtained  by 
a  close  observation  of  the  topography.  The  surface  irregularities 
are  of  especial  use  in  aiding  us  to  trace  the  different  beds  of  rock. 

The  magnetic  needle  may  often  be  used  to  great  advantage  in  the 
search  for  these  Huronian  ores ;  but  it  needs  to  be  used  with  a  great 
deal  of  care  in  skilled  hands,  or  else  its  indications  may  be  worse 
than  worthless.  It  may  be  used  in  two  forms.  In  one  of 
these  the  instrument  is  merely  an  ordinary  compass,  furnished 
with  such  attachments  that  the  amount  of  variation  of  the 
needle  from  the  true  meridian  may  be  determined  at  every  point. 
The  position  of  the  true  meridian  is  determined  by  an  attached 
sun-dial,  whence  the  name  of  dial-compass.*  The  other  form  of 
magnetic  needle  used  in  searching  for  ore  is  that  of  the  old-fash- 
ioned dip-compass,  in  which  the  needle  is  hung  so  as  to  swing  verti- 
cally. When  there  is  no  external  attraction,  the  needle  in  this 
instrument  is  so  balanced  as  to  lie  horizontally.     From  this  horizon- 

1  The  dial-compass  is  an  instrument  not  ordinarily  for  sale  by  the  instrument 
makers,  and  yet  it  is  indispensable  for  aU  geological  workers  and  mineral  ex- 
plorers in  a  region  of  magnetic  attractions,  like  that  of  the  basin  of  Lake 
Superior.  This  instrument  was  originaUy  devised  by  T.  B.  Brooks,  of  the  Mich- 
igan Geological  Survey.  It  has  recently  been  much  improved  by  Brooks  and 
Professor  Pumpelly. 

Very  much  the  best  form  of  the  instrument  (combining  ordinary  compass 
clinometer,  dial-compass  and  protractor)  is  made  by  Franz  Kroedel,  53  Nassau 
St,  New  York,  at  a  cost  of  HO.OO. 
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tal  position  it  may  be  made  to  swing  by  magnetic  attraction  over  a 
graduated  circle,  the  amount  of  deviation  from  a  normal  horizontal 
position  with  the  north  end  of  the  needle  pointing  to  the  north,  indi- 
cating the  amount  of  attraction.  In  sunny  weather,  the  dial-com- 
pass is  the  only  one  of  the  two  instruments  necessary.  Its  indications 
are  always  much  more  delicate  than  those  of  the  dipping  needle, 
which  in  some  cases,  indeed — as  for  instance  that  of  a  magnetic 
belt  trending  north  and  south,  and  having  but  little  magnetic  influ- 
ence —  is  of  little  use. 

Two  cases  may  now  arise.  The  explorer  may  either  be  searching 
at  random  for  belts  of  magnetic  attraction,  or  he  may  simply  wish 
to  trace  out  the  continuation  of  some  alreadv  known  ore  belt.  In 
the  first  case  the  best  method  of  procedure  is  to  follow  the  section 
lines,  noting  along  them  at  every  twenty-five  or  fifty  steps  the  devi- 
ation of  the  needle  of  the  dial-compass  from  the  true  meridian. 
If  any  deviations  larger  than  usual  are  met  with  on  these  lines, 
other  lines  of  observation  crossing  the  s€%ction  from  north  to  south, 
or  from  east  to  west,  as  may  appear  preferable,  should  then  be  run. 
The  same  process  may  be  carried  on  for  the  adjoining  sections  so 
far  as  appears  desirable.  The  observations  are  then  platted  with  a 
protractor.  A  line  drawn  through  the  points  of  maximum  attraction 
will  indicate  the  position  of  the  magnetic  belt. 

In  tracing  out  the  continuation  of  an  already  known  belt,  or  of  a 
belt  whose  general  direction  is  known,  it  is  often  desirable  to  make 
the  lines  of  observation  very  close  to  one  another — one  or  two 
hundred  paces  apart —  and  at  right  angles  to  the  course  of  the  belt ; 
that  is  to  say,  if  the  belt  trends  northeast  or  northwest,  these  lines 
will  be  run  obliquely  to  the  section  lines.' 

In  this  connection  the  following  points  should  be  borne  in  mind : 
(1)  Eich  specular  and  soft  hematite  ores  may  occur  without  any  ad- 
mixture of  magnetite,  and  so  produce  no  effect  whatever  upon  the 
magnetic  needle.  (2)  Not  infrequently,  however,  such  ores  do  con- 
tain some  little  magnetite,  and  may  be  traced  out  by  very  carefuUy 
made  observations.  (3)  Very  powerful  attractions  are  often  exerted 
by  magnetic  ores  or  schists  which  are  too  lean  to  have  any  commer- 
cial value.2 

1  For  magnetic  plats  relating  to  the  Menominee  and  Penokee  regions  by  T.  B. 
Brooks,  C.  E.  Wright,  and  R.  D.  Irving,  see  Atlas  Plates  XXIII,  XXIV,  XXV, 
XXVI,  and  Plates  XXIII  to  XXXI,  inclusive,  and  XLIV  of  Vol.  III. 

2  For  a  pretty  full  discussion  of  the  use  of  the  magnetic  needle  in  exploring 
for  iron  ores,  see  T.  B.  Brooks,  Geol.  Surv.  of  Mich.,  Vol.  I,  Part  L 
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Lead. 

The  operations  of  mining  oondacted  in  the  Lead  Eegion  since  the 
year  1827  —  now  half  a  century  —  have  resulted  in  the  production 
of  only  two  minerals  containing  lead,  and  of  these,  one  only  is 
sufficiently  abundant  to  be  regarded  as  an  ore. 

Oalenite^  more  commonly  known  in  the  lead  region  as  "  Mineral," 
is  the  sulphide  of  lead,  and  consists  of  sulphur  13.4  per  cent.,  and 
lead  86.6  j^r  cent.  Its  specific  gravity  is  about  7.5  per  cent. ;  luster, 
metallic ;  color,  pure  lead-gray ;  surface  of  crystals  usually  tarnished. 
The  most  common  forms  of  crystallization  in  which  galenite  is 
found  in  the  Lead  Eegion,  are  (1)  the  cube ;  (2)  the  cube  with  one  or 
more  angles  or  edges  truncated ;  (3)  the  octahedron,  which,  with 
its  modifications,  is  the  least  conuuon  form. 

In  common  with  all  galenite,  a  trace  of  silver  can  be  detected  by 
chemical  means  in  the  ore  of  Wisconsin.  It  does  not  exist  in  suffi- 
cient quantity  to  be  commercially  valuable,  being  much  less  than  is 
contained  in  the  galenite  of  the  English  and  Glerman  mines,  where 
the  proportion  of  silver  varies  from  three-  to  five-hundredths  of  one 
per  cent. 

The  appearance  of  cleavage  surfaces  of  galenite  varies  considerably, 
and  appears  to  depend  largely  on  the  conditions  under  which  it  was 
formed.  When  obtained  from  crevices  in  a  very  hard  dolomitic 
rock,  the  cleavage  surfaces  are  small  and  irregular.  When  the  ore 
is  from  large  crevices  or  openings,  and  in  comparatively  soft  rook, 
the  cleavage  surfaces  are  usually  large  and  regular  in  all  the  proper 
cleavage  planes. 

There  are  also  maiiy  peculiarities  of  external  appearance,  by 
which  persons  who  are  accustomed  to  handle  and  deal  in  lead  ore 
can  readily  distinguish  the  ore  obtained  in  east  and  west  crevices 
and  ranges,  from  that  of  north  and  south  ranges. 

There  are  no  minerals  known  in  the  Lead  Begion  which  bear  a  close 
resemblance  to  galenite.    The  mineral  most  similar  to  it  is  ilendey 
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but  between  them  the  following  physical  differences  exist:  blende 
is  much  harder,  and  not  more  than  half  as  heavy,  and  its  luster 
inclines  to  resinous  or  adamantine,  while  that  of  galenite  is  always 
metallic. 

It  appears  from  the  writings  of  Pliny,  who  speaks  of  it  as  galena^ 
that  this  ore  has  been  known  from  ancient  times  under  substantially 
the  same  name,  the  only  change  being  one  recently  introduced  in 
the  termination  iie^  for  the  sake  of  uniformity  in  mineralogical 
names. 

The  impurities  which  are  known  to  occur  in  galenite  are  antimony, 
iron,  copper  and  zinc.  Of  these,  the  only  ones  occurring  in  the 
galenite  of  the  Lead  Region  are  iron  and  zinc,  the  former  of  which 
is  found  as  iron  pyrites,  and  the  latter  as  blende  or  sphalerite,  and 
smithsonite.  As  these  impurities  never  exist  in  chemical  combina- 
tion, but  al waj^s  as  a  mechanical  mixture,  their  removal  by  mechanical 
methods  is  easy,  and  they  do  not  interfere  with  the  chemical  proc- 
esses of  reduction. 

The  workable  deposits  of  lead  ore  in  the  Lead  Region  occur  in 
the  Trenton  division  of  the  Lower  Silurian  formation,  and  mainly 
within  a  vertical  range  of  125  feet  above  the  base  of  the  formation. 
Of  this  metalliferous  stratum,  the  lower  fifty  feet  include  the  Tren- 
ton limestone  proper,  which  is  locally  subdivided  into  the  Buflf  and 
Blue  limestones,  and  above  the  Blue  limestone  there  remains  about 
75  feet  of  Galena  limestone,  especially  productive  of  lead  ore,  from 
which  mineral  this  part  of  the  formation  derives  its  name. 

The  Galena  limestone  is  characterized  by  fissures  and  crevices  of 
various  kinds,  of  which  the  greater  number  have  either  an  east  and 
west,  or  a  north  and  south  direction.  Both  kinds  exist  in  every 
mining  district,  but  the  east  and  west  crevices  are  by  far  the  largest, 
longest  and  most  productive  of  ore.  The  length  of  these  crevices 
varies  from  a  few  yards  to  a  mile  or  more,  and  their  width  from  one 
inch  to  several  feet.  They  are  usually  nearly  vertical,  but  are  some- 
times slightly  inclined  in  passing  from  one  bed  to  another. 

An  examination  of  the  fissures  indicates  that  they  were  at  one 
time  courses  of  an  extensive  underground  drainage,  which  is,  to 
some  extent,  going  on  at  the  present  time.  In  those  portions  of  the 
crevices  where  softer  rocks  existed,  erosion  went  on  more  rapidly, 
and  a  local  enlargement  of  the  crevice,  which  in  mining  language  is 
termed  an  "  opening,"  was  the  result.  Similarly  the  flat  openings, 
whose  width  is  much  greater  than  their  height,  appear  to  have  been 
formed  by  the  partial  removal  of  a  softer  stratum  of  rock,  contained 
between  two  harder  ores. 
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Without  entering  upon  a  discussion  of  the  origin  of  the  lead  ore, 
it  seems  most  probable  that  the  lead  was  deposited  contemporane- 
ously with  the  limestone,  and  that  it  was  afterwards  deposited  as 
ore  in  the  fissures  by  solution  and  segregation.  The  size  and  shape 
of  these  fissures,  therefore,  have  given  rise  to  the  following  forms  of 
deposit : 

The  Sheet  This  is  the  simplest  and  one  of  the  most  common 
forms  of  occurrence.  It  consists  of  a  body  of.  ore,  seldom  more 
than  a  few  inches  thick,  contained  between  two  walls  of  limestone, 
which  remain  approximately  parallel  for  a  distance  varying  from 
a  few  yards  to  several  hundred  feet.  Their  vertical  extent  is  much 
greater  than  that  of  any  other  form  of  deposit,  being  sometimes 
more  than  100  feet,  but  more  frequently  less.  They  are  often 
intersected  by  other  sheets  crossing  them  at  right  angles,  and  in 
quartering  directions,  and  are  usually  larger  and  more  productive  at 
such  crossings. 

The  sheet  is  seldom  accompanied  by  any  regular  gangue  or  vein- 
stone,  nor  is  there  any  concentric  vein  structure  apparent,  such  as 
the  alternation  of  several  minerals,  from  the  walls  to  the  center, 
nor  any  striation  of  the  walls.  Sometimes  a  thin  film  of  clay 
intervenes  between  the  clay  and  the  wall  rock,  but  quite  as  often 
the  ore  is  attached  directly  to  the  wall.  The  usual  characteristics 
of  true  veins  are  not  seen  in  the  sheet  deposits  of  the  Lead  Region. 

The  "  Opening,^^  The  transition  from  the  sheet  to  the  "  opening  '* 
is  easy  and  natural,  the  latter  being  only  an  enlargement  of  the 
former.  In  the  crevice  opening,  the  galenite  sometimes  occurs  at- 
tached to  the  wall  rock,  and  sometimes  in  loose  masses  mixed  with 
earth,  stone,  and  ferruginous  clay,  most  of  which  can  be  removed 
without  the  aid  of  blasting.  Openings  are  frequently  so  large  that 
they  are  termed  caves,  and  often  have  the  sides  incrusted  with  large 
and  well  developed  crystals  of  ore.  In  openings  there  is  usually  a 
greater  accumulation  of  vein  minerals  than  in  sheets,  the  most  com- 
mon being  calcite  and  pyrite.  There  are  frequently  two  and  some- 
times three  openings  situated  above  one  another  and  connected  with 
the  same  crevice. 

Galenite  is  also  of  frequent  occurrence  in  flat  sheets,  contained  in 
flat  openings,  especially  in  the  central  and  northern  portions  of  the 
Lead  Region.  Such  sheets  are  confined  to  the  lower  part  of  the 
Galena  limestone,  and  to  the  underlying  Trenton.  It  is  not  improb- 
able that  they  occur  also  in  the  southern  part  of  the  Lead  Region, 
but  as  they  there  lie  deeper  below  the  surface,  they  are  not  so  easily 
accessible. 
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In  the  flat  openings  the  galenite  is  usnally  found  in  large,  irregih 
lar  bodies,  many  feet  in  width,  often  several  hundred  feet  in  length, 
and  usually  associated  with  ores  of  zinc.  The  thickness  is  very  vari- 
able, being  from  a  few  inches  to  two  or  three  feet,  and  seldom  retain- 
ing the  same  thickness  for  any  great  distance.  The  galenite  does 
not  invariably  occupy  the  same  place  in  a  flat  opening,  but  is  some- 
times attached  to  the  roof,  sometimes  to  the  floor,  and  at  others  near 
the  middle  of  the  opening.  Frequently  there  are  two  sheets  in  the 
same  opening,  often  connected  with  each  other  by  inclined  sheets  of 
ore  called  *^  pitches."  The  pitches  also  frequently  connect  openings 
which  are  separated  from  each  other  vertically  by  severol  feet  of 
unproductive  rock. 

Galenite  is  also  often  found  in  "  pockets."  These  are  irregular 
cavities  varying  from  a  few  inches  to  several  feet  in  diameter,  con- 
tained in  the  limestone,  and  frequently  have  no  apparent  connection 
with  the  crevices.  The  limestone  in  which  they  are  found  is  usually 
softer  and  more  porous  than  the  generality  of  the  formation.  The 
galenite  is  usually  attached  in  crystals  to  the  rock  forming  the  pocket. 

^'  Float  Mineral "  is  galenite  found  scattered  through  the  earth  and 
clay  near  the  surface  of  the  ground.  Such  ore  is  readily  distin- 
guished by  having  the  edges  and  angles  of  the  crystals  rounded  and 
worn  smooth,  by  being  partially  decomposed  on  the  surface,  and 
oft^n  covered  with  a  white  coating  of  carbonate  of  lead.  The  de- 
composition never  extends  through  the  entire  mass,  but  proceeds 
from  the  surface  to  the  interior,  and  wears  away  at  the  surface  as 
fast  as  it  decomposes. 

The  vein  minerals  which  occur  associated  with  galenite  in  the 
Lead  Region  are  the  following,  given  in  the  order  of  their  most  fre- 
quent occurrence,  excepting  the  ores  of  zinc,  which  will  be  hereafter 
described: 

Calcite,  Generally  known  among  miners  as  "  tiff."  This  mineral 
is  of  very  frequent  occurrence  in  connection  with  galenite,  and 
often  forms  small  veins  by  itself.  It  usually  occurs  crystallized  in 
various  forms  of  the  cube  and  scalenohedron.  Its  color  is  always 
nearly  white,  and  it  is  readily  distinguished  by  its  easy  cleavage  and 
light  specific  gravity. 

Pyrite,  Sulphide  of  iron.  Known  in  the  mines  as  "sulphur." 
It  occurs  massive  and  in  small  irregular  crystals.  It  is  easily  recog- 
nized by  its  brass-yellow  color.  It  is  often  intimately  associated  with 
galenite,  and  is  often  found  coating  the  surface  of  its  crystals ;  also 
in  sheets  alternating  with  galenite  and  the  zinc  ores,  and  frequently 
in  extensive  deposits  unassociated  with  other  minerals. 
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Marcdsite,  This  mineral  has  the  same  chemical  composition  as 
pyrite  and  is  found  in  the  same  conditions.  It  is  fully  as  common 
as  pyrite.  It  is  readily  recognized  by  the  decomposition  which  it 
undergoes  when  exposed  to  the  air. 

Barite.  This  mineral  is  not  of  frequent  occurrence,  but  is  some- 
times found  associated  with  galenite  in  the  lower  flat  openings.  It 
is  distinguished  from  calcite,  which  it  slightly  resembles,  by  its 
greater  specific  gravity,  and  by  its  inferior  cleavage.  It  seldom 
affords  distinct  crystals. 

The  method  of  occurrence  of  lead  ore  and  its  associate  minerals 
has  now  been  briefly  described.  After  a  few  additional  remarks 
on  the  occurrence  of  zinc  ores,  we  shall  proceed  to  the  description 
of  mining,  ore  dressing  and  smelting  as  practiced  in  the  Lead 
Region. 

There  are  two  ores  of  this  metal  extensively  mined  in  the  Lead 
Region,  both  of  which,  previous  to  the  year  1860,  were  rejected  as 
worthless  minerals,  and  esteemed  of  no  commercial  value.  During 
the  year  1860  the  carbonate  of  zinc  (dry bone)  first  began  to  be 
utilized,  and  about  160  tons  were  exported  from  the  Lead  Region 
that  year.  This  exportation  continued  to  increase  steadily  until 
the  year  1867,  when  blendsj  or  the  sulphide  of  zinc,  was  exported 
to  the  amount  of  about  420  tons.  The  experiment  of  manufactur- 
ing zinc  from  the  blende  proving  successful,  its  exportation  increased 
rapidly,  and  now  greatly  exceeds  that  of  smithsonite  (the  carbonate). 

The  distinguishing  characteristics  of  the  two  ores  are  as  follows  : 

Blende^  sulphide  of  zinc;  commonly  known  as  "  Black-jack."  It 
is  usually  deep-colored,  nearly  black,  has  a  somewhat  resinous 
luster,  and  a  crystalline  structure,  but  never  forms  perfect  crystals, 
the  nearest  approach  being  small,  irregular  crystals,  very  much 
compounded  with  each  other,  found  lining  the  inside  of  cavities. 
It  is  also  often  found  in  small,  hemispherical  masses  having  a  radiate 
structure  from  a  common  center.  The  color  of  blende  in  other 
regions  is  sometimes  white  or  yellow  w^hen  pure,  also  black,  red, 
green  and  brown.^  In  the  Lead  Region  the  color  is  nearly  the 
same  in  all  localities,  and  is  almost  black.  This  darkness  of  color 
is  probably  due  to  a  small  amount  of  iron  which  it  contains. 

It  derives  its  name  from  the  German  hlendy  meaning  blind  or  de- 
ceptive, because,  while  it  slightly  resembles  galenite,  it  yields  no 
lead. 

1  See  Dana*s  System  of  Mineralogy,  p.  50. 
Vol.  1—41 
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Smithsonite.  Carbonate  of  Zmc.  "Drybone"  of  the  mines. 
This  mineral  occurs*  in  various  colors,  among  which  white,  yellow, 
gray,  and  light  brown  are  the  prevailing  shades.  In  crystallized 
surfaces  its  luster  is  vitreous,  inclining  to  pearly.  By  far  the  great- 
est amount  is  found  in  a  massive  uncrystallized  condition,  full  of 
small  cavities  which  are  often  lined  with  drusy  surfaces. 

It  is  probable  that  all  the  smithsonite  in  the  Lead  Region  has  re- 
sulted from  the  decomposition  of  blende.  The  oxidation  of  blende 
produces  the  sulphate  of  zinc,  a  soluble  salt,  which,  in  turn,  being 
acted  on  by  water  containing  carbonates  of  the  alkalies  and  alkaline 
earths  derived  from  the  limestone,  is  changed  to  the  carbonate  of 
zinc.  As  the  water  contains  but  little  silica  in  solution,  the  silicate 
of  zinc,  calamine,  is  seldom  found.  This  view  is  further  supported 
by  the  frequent  occurrence  of  masses  of  ore  in  which  the  interior 
portion  is  undecomposed  blende,  and  the  exterior  is  smithsonite,  still 
retaining  the  irregularly  shaped  crystals  of  blende,  the  middle  por- 
tion frequently  being  in  a  transition  state.  Smithsonite  is  also  found 
in  small  stalactitic  crystallizations,  and  as  pseudomorphs  after 
calcite. 

The  ores  of  zinc  occur  almost  entirely  in  the  flat  openings  in  the 
lower  beds  of  the  Galena  limestone,  and  in  the  flat  openings  of  the 
Trenton.  Consequently  the  sheets  are  usually  nearly  horizontal, 
and  frequently  connected  by  pitching  sheets. 

The  smithsonite  or  "  drybone  "  is  obtained  chiefly  from  the  Green 
rock  and  Brown  rock  openings  of  the  Galena  limestone,  frequently, 
however,  a:.^.orapanied  by  blende.  The  strata  in  these  openings, 
being  more  u^ose  and  porous,  seem  to  have  more  readily  permitted 
the  circulation  of  water  through  the  rock,  and  thereby  to  have 
facilitated  the  decomposition  of  blende.  On  the  other  hand,  the 
Pipe-clay  and  Glass-rock  openings,  being  more  compact,  and  lying 
deeper  below  the  surface,  are  chiefly  productive  of  blende,  the  con- 
ditions for  its  decomposition  not  having  been  as  favorable. 

Proximity  to  the  surface  has  also  been  favorable  to  the  formation 
of  smithsonite.  It  is  frequently  the  case  that  a  flat  sheet  of  zinc 
ore,  near  its  outcropping  edge,  will  consist  almost  entirely  of  smith- 
sonite, and  on  following  it  into  the  hUl  the  ore  will  be  found  to 
change  gradually  to  blende,  and  finally  consist  entirely  of  that 
mineral. 

The  minerals  found  associated  with  the  ores  of  zinc  are  the  same 
in  kind  as  those  found  with  galenite,  but  much  greater  in  amount. 
They  are  chiefly  calcite  and  the  two  kinds  of  pyrites.  Calcite  occurs 
in  masses  of  irregular  shape,  intimately  connected  with  the  blende. 
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and  frequently  penetrating  the  mass  in  all  directions,  filling  small 
cavities  and  forming  small  veins.  When  pyrite  is  present,  it  usually 
presents  a  banded  arrangement  in  connection  with  the  sheet,  form- 
ing sometimes  the  exterior,  and  at  others  the  interior  portion. 
Frequently,  also,  it  is  mixed  through  the  sheet  of  blende  in  a  very 
irregular  manner. 

Kemunebativb  QuANrnr  of  Ore. 

The  quantity  of  ore  which  must  be  present  to  make  mining  oper- 
ations remunerative  is  very  various,  and  depends  chiefly  on  such 
considerations  as  the  price  of  ore,  the  price  of  labor,  the  amount  of 
water  and  the  accessibility  of  the  ore,  or  the  amount  of  unproduc- 
tive rock  which  must  be  penetrated  in  order  to  obtain  it ;  also  on 
the  amount  of  cleaning  and  separation  it  must  undergo,  and  the 
distance  it  has  to  be  hauled  before  it  can  be  sold. 

As  the  basis  of  calculations,  it  is  estimated  that  a  sheet  of  galen- 
ite  six  feet  square  and  one  inch  thick  will  weigh  1,400  lbs.  A  sheet 
of  blende  six  feet  square  and  one  inch  thick  weighs  750  lbs.,  and  a 
sheet  of  smithsonite  or  "  drybone  "  of  the  same  dimensions  weighs 
from  500  lbs.  to  700  lbs.,  depending  greatly  on  the  density  of  the 
ore  and  the  cavities  contained  in  it.  In  practice,  however,  allow- 
ance must  be  made  for  the  waste  of  ore  in  mining,  and  for  the 
variations  in  the  size  of  the  sheet,  which  last  constitutes  the  great- 
est element  of  uncertainty  in  mining  operations. 

The  price  of  labor  in  the  Lead  Kegion  has  generally  ranged  from 
$1.25  to  $1.50  per  day,  a  day  being  reckoned  at  eight  hours  for 
mining  labor  and  ten  hours  for  labor  of  other  kinds. 

DSAINAGB  OF  MiNES  AND   HoiSTING  OF   ObE. 

The  amount  of  water  enters  as  a  very  important  factor  into  the 
calculation  of  expense  of  mining  operations.  Where  the  amount  is 
small,  it  is  usually  removed  by  bailing  into  a  large  tub  or  barrel, 
and  hoisting  it  out  with  a  windlass.  It  is  estimated  that  a  practiced 
laborer  can  hoist  about  150  gallons  per  hour  from  a  shaft  100  feet 
deep,  when  two  tubs  are  employed,  one  of  which  descends  and  is 
filled  while  the  other  ascends  and  is  emptied.  When  only  one  tub 
is  employed,  not  more  than  two-thirds  of  this  result  is  obtained, 
owing  to  the  time  consumed  in  lowering  and  filling  the  empty  tub. 

When  the  amount  of  water  is  too  great  to  be  bailed,  a  pump 
operated  by  horse  power  is  often  employed. 
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The  annexed  figure  rep- 
resents a  horse  pump  and 
hoisting  gin,  or  "whim,'* 
as  it  is  often  called.  As 
the  two  are  freqaently 
combined,  it  is  convenient 
to  describe  thera  together. 
In  practice,  however,  it  is 
customary  to  bnild  the 
machine  bo  that  the  hoist- 
ing drum  can  be  discon- 
nected fn>m  the  pum{^ 
and  vice  versa,  as  it  is  sel- 
dom desirable  to  carry  on 
hoth  operations  at  the 
same  time.  The  essential 
parts  of  the  machine  are 
as  follows:  A  A  repre- 
sents in  ficction  the  circn- 
lar  n  atk  around  which  the 
fiorse  travels.  He  is  at- 
tached by  bis  harness  to 
the  semi  circle  at  B,  which, 
by  simple  rotation  on  the 
swivel  at  C,  permits  him 
to  walk  around  the  circle 
in  either  direction  when 
hoisting.  In  walking,  the 
horse  carries  around  the 
arm  D,  and  thus  imparts 
a  circular  motion  to  the 
drum  E,  and  the  shaft  F. 
By  means  of  level-gearing 
G.  at  the  bottom  of  the 
shaft  F,  circular  motion  is 
ini])arted  to  the  crank  at 
II,  and  thence  through  the 
connecting  rod  I,  and  the  walking  beam  K,  to  tlie  pump-rotl  L,  in 
the  shaft.  O  is  a  box  filled  with  rock  to  serve  ;is  a  counter-ixjise  to 
the  weight  of  the  pump  rods.  In  hoisting,  tlie  gearing  is  discon- 
nected from  the  shaft,  and  the  drum  is  connected  with  it.  A  rope 
is  wrapped  around  the  drum,  and  passes  over  two  pulleys  at  M,  and 
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thence  down  the  shaft  N,  so  that  one  bucket  descends  while  the 
other  ascends.  In  hoisting  from  the  upper  levels,  the  excess  of  rope 
is  wrapped  around  the  drum. 

The  load  which  a  horse  can  raise,  at  once  including  ropes,  buckets, 
and  the  friction  of  machinery,  is  as  much  greater  than  his  own 
direct  force,  as  the  diameter  of  the  horse-walk  is  greater  than  that 
of  the  winding  drum,  and  the  drum  moves  slower  than  he  does  in 
the  same  ratio.  When  a  horse  is  not  expected  to  work  eight  hours 
per  day,  the  number  of  strokes  of  the  pump  per  minute  may  be  in- 
creased, or  the  diameter  of  the  winding  drum,  to  accelerate  the 
work.  In  order  that  the  horse  may  walk  easily,  and  work  to  the 
best  advantage,  the  diameter  of  the  circular  horse-walk  should  not 
be  less  than  25  feet.     It  may  vary  from  25  feet  to  35  feet. 

It  is  estimated  that  a  fair  average  horse  should  pump  in  eight 
hours  the  quantities  contained  in  the  first  three  columns  of  the  fol- 
lowing table,  to  the  height  in  the  fourth  column. 


Cubic 
Feet 


1,600 
2,000 
2,067 
8,200 
8,555 
4,000 


Pounds. 

(laUons. 

Height 
Feet. 

Cubic 
Feet. 

1 

100,000 

11,968 

100 

1 

4,571 

125,000 

14,960 

80 

5,338 

166,666 

19,946 

60 

6,400 

200,000 

23,936 

50 

8,000 

222,222 

26,596 

45 

10,667 

250,000 

29,920 

40 

16,000 

Pounds. 


285,714 
333,333 
400,000 
500,000 
666,667 
1,000,000 


GaUons. 


34,194 
89,893 

47,872 

59,840 

79,787 

119,680 


Heig't 
Feet. 


35 
30 
25 

20 
15 
10 


When  the  amount  of  water  is  too  great  to  be  removed  by  a  horse 
pump,  steam  pumps  of  various  sizes,  patterns  and  capacities  are 
employed,  or  the  ground  is  drained  by  a  leveL 


Indications  of  Orb  Observed  in  Minino. 

In  seeking  for  veins  and  beds  of  ore,  there  are  several  circum- 
stances and  conditions  more  or  less  accepted  among  miners,  as  indi- 
cations of  the  proximity  of  the  metallic  ores.  One  of  the  most 
reliable  of  these  indications  is  the  finding  of  "  float  ore,"  either  of 
lead  or  zinc,  occurring  loosely  in  the  soil  as  previously  described. 
The  value  of  this  will  be  apparent  when  we  reflect  that  the  lime- 
stone has  been,  and  is,  continually  undergoing  disintegration  on  its 
surface,  the  soil  being  composed  of  such  portions  as  were  not  so 
readily  dissolved  and  removed.  When  this  decomposition  took 
place  on  the  surface  of  an  outcropping  vein  or  flat  sheet,  the  more 
insoluble  parts  of  the  vein,  which  are  usuaUy  the  metallic  ores 
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remain  as  loose  pieces  in  the  adjacent  soil,  and  often  serve  to  indi- 
cate the  presence  of  an  adjacent  sheet  of  ore.  This  indication  is 
the  more  valuable,  because  the  Lead  Eegion  has  never  been  subjected 
to  glacial  influence,  and  the  consequent  disturbance,  transportation, 
and  replacement  of  its  surface  clays.  Therefore,  except  at  or  near 
the  surface,  the  clay  and  its  included  rock  materials  or  minerals  have 
seldom  been  removed  to  any  great  distance  from  the  beds  from 
whose  decomposition  they  were  derived.  It  should,  however,  be 
borne  in  mind  that  all  substances  on  the  surface  are  liable  to  gradual 
displacement  by  running  water,  frost,  etc.  Similarly,  "  float  ore '' 
found  in  the  bed  of  a  stream  cannot  be  regarded  as  a  good  indica- 
tion of  the  proximity  of  a  large  mass.  It  may,  however,  be  followed 
up  stream,  and  by  its  increased  frequency  ultimately  lead  to  the 
discovery  of  the  bed  from  which  it  came. 

The  presence  in  the  soil  of  minerals  which  usually  accompany  the 
metallic  ores,  such  as  calcite,  pyrite,  barite,  etc.,  may  ba  regarded  as 
a  good  indication,  although  a  less  positive  one  than  the  occurrence 
of  float  ore.  Their  occurrence  is  to  be  explained  in  the  same  manner 
as  above. 

The  presence  of  certain  yellow  or  reddish  ooherous  clays,  both  in 
the  soil  and  in  crevices  of  the  rock,  is  regarded  as  a  favorable  indi- 
cation, and  rightly,  inasmuch  as  this  ferruginous  matter  results  prob- 
ably from  the  decomposition  of  marcasite  and  pyrite,  which  so 
frequently  occur  in  connection  with  the  lead  and  zinc  ore.  These 
indications,  however,  can  never  be  regarded  as  certain  concomitants 
of  the  existence  of  valuable  deposits  of  ore.  In  the  case  of  the 
occurrence  of  associate  minerals  and  clays  in  the  soil,  it  is  often  true 
that  the  minerals  from  which  they  came  occur  in  sheets  and  beds 
unassociated  with  these  ores,  and  the  pieces  found  may  have  been  thus 
derived.  Also  in  the  case  of  the  finding  of  the  float  ore,  the  de- 
posit may  have  been  small,  as  a  pocket,  or  a  sheet  of  small  vertical 
extent,  and  the  entire  body  may  now  be  contained  in  the  soil.  It 
should  be  remembered,  also,  that  on  the  sides  of  steep  hills  the  sur- 
face soil  and  clay  is  liable  to  large  displacements  through  sliding, 
and  that  the  external  or  surface  appearance  of  such  slides  in  a  few 
years  becomes  obliterated  through  the  influence  of  vegetation  and 
other  causes. 

In  sinking  a  shaft  it  is  one  of  the  great  aims  of  the  miner  to  find 
a  good  crevice  to  follow  in  his  course,  because  the  useful  ores  are 
mainly  found  in  them  or  beneath  them,  and  because  such  crevices 
very  materially  facilitate  the  labor  of  sinking  through  the  solid 
rock.     The  lines  of  small  circular  depressions  in  the  ground  known 
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as  "  sinks  "  are  almost  unfailing  guides  to  the  position   of  subterrar 
nean  crevices  below  them. 

In  former  years,  before  the  Lead  Region  became  agriculturally 
valuable,  the  course  and  direction  of  the  crevices  was  very  clearly 
and  distinctly  marked,  even  to  an  unpracticed  eye,  by  an  excessive 
growth  of  grass  and  weeds  in  the  soil  immediately  above  them. 
This  was  especially  perceptible  on  the  prairies,  where  the  crevices 
could  be  traced  for  long  distances.  This  appearance  may  still  be 
seen  in  some  parts  of  the  Lead  Region  where  the  soil  has  never  been 
cultivated,  especially  in  the  vicinity  of  the  Blue  Mounds.  In  the 
earlier  mining  operations  it  was  an  index  which  was  very  frequently 
made  use  of. 

The  surface  contour  of  the  ground  is  greatly  relied  on  by  miners 
as  an  indication  of  the  locahty  of  mineral  deposits.  Certain  slopes, 
hollows,  ravines  and  hillside  exposures  have  great  influence  in  de- 
termining the  location  of  their  prospecting  shafts. 

As  yet,  however,  there  is  little  unanimity  of  sentiment  on  this 
subject  in  any  mining  district,  nor  are  any  recognized  rules  of  guid- 
ance generally  observed.  That  too  much  importance  is  attached  to 
the  accidental  surface  contour  is  probable  for  the  following  reasons : 
1st.  The  facts  in  the  case  do  not  seem  to  warrant  it.  In  some 
mining  districts,  more  especially  in  the  southern  part  of  the  Lead 
Region,  the  largest^  longest,  best  defined,  and  most  productive  crev- 
ices, and  the  mineral  deposits  contained  in  them,  hold  a  nearly 
straight  course  from  one  end  to  the  other,  sometimes  more  than  a 
mile  in  length,  crossing  hills  and  ravines,  large  and  small,  at  all  an- 
gles of  intersection,  and  without  undergoing  changes  in  their  pro- 
ductiveness, other  than  those  found  in  the  inequalities  of  the  veins, 
which  do  not  seem  to  be  correlated  with  the  surface  contour.  2d. 
From  the  circumstance  of  no  ore  being  found  in  the  rocks  newer 
than  the  Galena  limestone,  we  infer  that  its  deposition  ceased  with 
that  formation.  From  the  outliers  that  remain,  we  know  that  a 
deposition  of  from  200  to  400  feet  of  shales  and  limestones,  consti- 
tuting the  Cincinnati  (Hudson  River)  group  and  part  of  the  Niagara 
formation,  succeeded  the  Galena  limestone ;  also  that  this  amount 
has  been  removed  by  denudation,  along  lines  of  drainage,  whose 
generally  southern  direction  was  determined  by  the  east  and  west 
axis  of  elevation,  and  whose  general  details,  such  as  the  smaller 
streams  and  ravines,  were  dependent  on  slight  flexures  of  the  strata 
and  their  varying  hardness  and  solubility.  To  effect  this  denudation 
then,  the  system  of  streams  must  have  been  well  defined,  and  they 
must  have  occupied  nearly  their  present  positions  before  there  was 
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an  outcrop  of  Galena  limestone  exposed  in  the  Lead  Eegion ;  and 
consequently  we  cannot  suppose  that  the  unoxpoacd  crevices  or 
bodies  of  ore  therein  contained  can  have  determined  the  direction 
of  the  water  conrses,  or  the  consequent  contour  of  the  surface. 

Methods  of  Mincio  in  tub  Lead  KEaios. 

The  manner  of  occurrence  of  the  orgs  tn  the  mines  does  ndt 
usually  necessitate  any  very  complicated  system  of  mining,  the  gen- 
eral plan  being  to  follow  the  sheets  as  long  as  they  continue  pro- 
ductive. As  the  vertical  extent  of  the  sheets  is  seldom  very  great, 
there  is  not  often  any  necessity  for  a  series  of  drifts  situated  at 
various  levels,  branching  n£E  from  the  main  shaft  and  subdividing 
the  vein  into  rectangular  blocks ;  but  whenever  the  sheet  is  suffi- 
ciently large  to  require  it,  the  method  of  mining  by  "direct  stopes'* 
working  in  the  floor,  or  by  "  reversed  stopes  "  working  in  the  roof, 
is  employed,  as  is  most  suitable  to  the  nature  of  the  ground. 

In  the  mining  of  the  large  flat  sheets  of  ore,  there  is  more  oppor- 
tunity for  a  systematic  arrangement  of  the  work.    The  general  plan 
of  operations  is  shown  in  Fig.  146.    A  shaft  is  first  sunk  upon  the 
Fio,  14».  sheet  as  at  A,  and 

the  work  of  excava- 
tion and  removing 
tlie  ore  iiiiii'c'diatoly 
coitimences  at  the 
sJiaft.  proceeding  in 
all  directions  until 
the  limits  of  the  de- 

GttouxD  m.-,  iLLr^ruTTro  thb  Mirraoo  of  Mi™a  o„  LiBor       P^^^     ^"^      reached. 

leave  main  drifts  B  B  open,  leading  from  the  shaft  to  tiie  unworke*! 
portions  of  the  sheet  C  C.  In  this  way  tlie  opening  is  excavated  in 
its  full  thickness,  which  is  from  three  to  eight  feet,  and  across  its  en- 
tire width.  Fig.  140  shows  a  flat  sheet  being  worked  in  two  direc- 
tions from  the  shaft.  D  D  are  the  working  faces.  After  being 
loosened  by  blasting,  or  with  the  pick,  the  ore  is  separated  from  the 
rock,  and  hoisted  out  of  the  shaft  A.  As  much  as  possible  of  the 
unproductive  rock  is  then  piled  in  behind  the  miners,  filling  up 
the  worked-out  portions  of  the  o|)ening  at  E  E,  and  the  I'L-mainder 
is  also  hoisted  out  through  the  shaft  A.  Tliis  filling  also  serves  to 
support  the  roof  or  "  cap,"  and  in  some  places'  it  is  necessary  to 
leave  pillars  containing  ore  as  supports. 
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Usually  two  or  more  shafts  and  excavations  are  worked  at  the 
same  time  on  the  sheet,  and  are  connected  for  the  purpose  of  ven- 
tilation. 

The  cost  of  rock  excavation  in  mining  operations,  such  as  the 
dividing  of  levels  and  drifts  and  the  excavation  of  shafts,  is  very 
various,  and  depends  chiefly  on  the  hardness  of  the  rock  and  the 
distance  to  which  the  excavated  materials  have  to  be  transported. 
In  shaft  excavations  the  cost  varies  from  five  to  fifteen  dollars  per 
vertical  foot  for  a  shaft  six  feet  by  four.  In  drifts  and  levels  six 
feet  high  by  four  feet  wide,  the  cost  is  from  five  to  thirty  dollars  per 
linear  foot,  the  expense  being  materially  increased  by  the  length  of 
the  drift.  The  above  estimates  include  everything  except  the  cost 
of  pumping,  for  which  no  allowance  can  be  made. 

The  expense  of  blasting  is  an  important  factor  in  the  cost  of  rock 
excavations.  In  the  Lead  Region  common  blasting  powder  is  the 
material  chiefly  relied  on,  and  the  introduction  of  the  various 
powerful  explosives,  discovered  in  the  last  quarter  century,  proceeds 
with  great  slowness.  Accidents  from  the  use  of  these  are  usually 
quite  as  rare  as  from  the  use  of  common  powder,  and  considering 
the  great  economy  of  time  and  expense  that  attends  their  use,  they 
ought  to  be  more  generally  employed. 

The  occurrence  of  ore  in  flat  sheets  and  openings  with  a  wide  work- 
ing face  afifords  opportunities  in  many  places  for  the  advantageous 
employment  of  steam  or  pneumatic  drilling  machines.  They  have  as 
yet  been  introduced  in  the  Lead  Region  to  but  limited  extent.  In 
mines  where  a  large  number  of  men  are  employed,  the  same  amount 
of  work  can  be  done  in  much  less  time  and  with  less  expense. 

The  introduction  and  use  of  diamond  drills  for  prospecting  would 
undoubtedlv  be  attended  with  remunerative  results.  These  drills 
operate  by  rotation,  penetrating  the  rock  with  great  rapidity,  and 
removing  an  interior  cylinder  or  core,  thus  exposing  to  direct  ocular 
examination  a  section  of  the  strata  through  which  they  pass.  For 
discovering  and  proving  the  extent  of  flat  sheets  there  is  no  instru- 
ment which  is  their  equal.  As  they  drill  holes  from  100  to  500  feet 
deep,  it  would  be  easy  to  prospect  the  Lower  Magnesian  limestone 
by  their  use. 

Dbessinq  and  Sepabatino  Ores. 

The  ores  of  lead  and  zinc,  as  they  arrive  at  the  surface,  are  some- 
times clean  and  pure,  in  large  masses,  and  ready  for  market,  but 
more  frequently  they  have  to  undergo  certain  operations  of  dressing 
and  cleaning.  Lead  ore  in  small  pieces  usually  comes  from  the  mine 
mixed  with  considerable  clay  and  earthy  and  is  known  as  ''wash- 
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dirt."  It  is  cleaned  by  washing  as  follows:  A  long  box  about  nine 
inches  deep  and  open  on  the  top  and  at  the  lower  end  is  set  in  the 
ground  at  a  moderate  slope,  and  a  stream  of  water  is  conducted  into 
it  over  the  headboard  at  the  upper  end.  The  ore  to  be  washed  is 
placed  in  the  extremity  so  that  the  water  falls  upon  it.  The  opera- 
tion is  completed  by  the  miner  shoveling  the  ore  against  the  stream 
until  all  foreign  substances  are  removed. 

Frequently,  however,  a  simple  washing  does  not  suffice  for  the 
preparation  of  ore,  especially  if  more  than  one  kind  of  ore  is  present 
in  the  mass,  or  if  the  ore  is  mixed  with  rock  or  vein  minerals.  In 
such  cases  it  is  customary  to  prepare  and  separate  the  ore  by  crush- 
ing and  jigging.  The  crushing  is  effected  either  by  a  rock- breaking 
machine,  such  as  '^  Blake's  Eock-breaker,"  or  by  passing  it  through 
a  pair  of  rollers  operated  by  horse  power.  It  is  then  washed  and 
screened,  the  coarser  portion  re-crushed ;  and  the  operation  of  clean- 
ing and  separation  concludes  with  jigging,  which  is  effected  by  the 
contrivance  shown  in  section  in  Fig.  147. 

Fio.  U7. 


Thk  Phocess  op  JlOOlNO. 

The  jig  used  in  the  Lead  Region  consists  usually  of  the  following 
parts:  An  exterior  deep  box  A,  filled  with  water,  and  an  interior 
shallow  box  B,  in  which  the  ore  is  placed;  the  bottom  of  which 
consists  usually  of  an  iron  plate,  pierced  with  fine  holes  to  permit 
the  passage  of  water  through  the  mass.  This  box  is  connected 
with  a  long  lever  arm  C,  at  the  end  of  which  the  workman  places 
himself,  being  able  to  reach  it,  standing  on  his  toes,  with  his  arms 
extended  above  his  head.  By  alternately  rising  and  falling  on  his 
feet,  he  produces  a  slight  vertical  movement  of  the  interior  box  and 
its  contents. 

The  contents  of  box  B,  being  suspended  in  the  water  and  agi- 
tated, immediately  undergo  a  change  of  position,  resulting  in  the 
deposition  of  the  heaviest  material  at  the  bottom  of  the  box,  and 
the  lightest,  such  as  stone,  at  the  top.    After  a  short  agitation,  the 
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box  B  is  raised  from  the  water  by  depressing  and  fastening  the  lever 
C,  and  the  materials  ate  removed.  At  the  close  of  the  operation, 
the  water  is  drawn  off  from  the  box  A  through  the  plug  D,  and  the 
fine  ore  which  may  have  passed  the  sieve  is  collected  from  the  bot- 
tom of  the  box. 

This  machine  is  aimple,  and  to  a  certain  extent  efFeotive.  That  it 
might  be  rendered  still  more  efficient  will  be  seen  by  the  following 
considerations. 

Floe.  148, 149. 


The  fall  of  bodies  in  water,  on  which  the  action  of  the  machine 
depends,  is  governed,  first,  by  their  apeoijio  graoity,  and  second,  by 
the  relative  size  of  the  pieces,  the  large  pieces  falling  with  the  great- 
est rapidity,  because  their  resisting  surface  is  less  in  proportion  to 
their  weight.  Therefore,  when  the  materials  to  be  separated  are 
placed  in  the  jig  without  sufficient  previous  classification  according 
to  size,  the  separation  cannot  be  peifect.  If,  however,  the  material 
is  first  separated  by  sieves  of  various  sizes,  and  each  size  treated  by 
itself  in  the  jig,  the  separation  is  much  moro  perfect,  as  they  then 
arrange  themselves  according  to  their  different  speoidc  gravities. 
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Figs.  148  and  149  represent,  in  elevation  and  plan,  one  of  the 
numerous  machines  commonly  made  use  of  in  the  German  mining 
regions  for  the  classification  of  ore  before  the  operation  of  jigging. 
The  ore,  after  passing  through  the  crushing  rollers  A  A,  falls  upon 
the  crushing  sieve  B.  All  pieces  of  more  than  45-100  in.  diameter 
pass  over  the  sieve  to  the  receptacle  C,  and  are  passed  through  the 
rollers  again.  All  pieces  of  less  diameter  than  45-100  in.  pass 
through  B  and  fall  on  the  series  of  coarse  sieves,  D,  E,  F,  G,  the 
sizes  of  whose  meshes  are  as  follows:  D=ll-100in. ;  E=16-100in. ; 
F=22-100  in.;  and  G=32-100  in.  All  pieces  of  less  diameter  than 
11-100  in.  pass  through  D,  and  fall  on  the  series  of  five  sieves; 
H=4-100  in. ;  1=6-100  in. ;  K=8-100  in.  All  particles  of  less  than 
4-100  in.  in  diameter  pass  through  H  and  fall  in  compartment  Et, 
except  the  dust,  which  is  collected  by  the  dust  sieve  L,  and  falls  in  the 
compartment  X.  From  this  separation  there  arise  ten  sizes,  which 
fall  in  the  compartments  I  to  X,  in  Fig.  148.  The  sieve  frames  are 
supported  by  small  iron  rods  and  swing  loose,  motion  being  im- 
parted to  them  by  the  eccentrics  at  M  and  N.^ 

This  machine,  worked  in  connection  with  one  of  the  continuous 
automatic  jigs,  whose  effective  work  is  about  three  times  that  of 
hand  jigging,  would  effectually  sort  and  separate  all  mixtures  of 
ore  and  rock  which  occur  in  the  Lead  Eegion.  In  this  way  a  large 
amount  of  poor  zinc  ore,  which  is  now  thrown  away  as  unsalable 
on  account  of  its  intimate  mixture  with  rock  and  i\yrite,  could  be 
profitably  worked,  and  as  the  pyrite  also  would  be  separated  with- 
out extra  expense,  it  could  be  brought  into  market,  being  worth  at 
present  from  five  to  six  dollars  per  ton  in  Chicago. 

Reduction  of  Lead  Oke. 

Until  within  the  last  twentv  vears  the  American  Hearth  Blast 
Furnace  was  the  only  one  used  in  the  Lead  Region  for  the  reduction 
of  ore.  In  some  districts  it  has  been  entirely  repUiced  by  the  Drum- 
mond  Reverberatory  Furnace,  and  in  many  localities  both  are  used, 
the  reverberatory  for  the  reduction  of  fine  ore,  and  the  blast  for  the 
smelting  of  coai^e  ore  and  slag.  By  far  the  greater  ])art  of  the  ore 
in  the  Lead  Region  is  smelted  in  a  reverberatory  furnace,  similar  to 
Figs.  150  and  151,  which  are  sections  through  the  oven.  The  ore 
is  placed  in  the  oven  through  the  feed  door,  and  is  subjected  to  the 
action  of  the  flame  coming  through  the  flue  and  over  the  bridge. 
While  in  the  oven  it  is   continually  stirred  with   long  iron   rods 

^^i^— ^M^a^— ^  »!  ■■  ■■■■■■■  ■■■  ■■■■■■■■  ■■  ^  »■!     I  —  —  ■        I  ■    ^^— ^»  ■  ■  ■     ^«  ■  I  ■     I     ■  ^M^^^^^^W 

1  See  Rittinger's  Aufbereitungskunde,  p.  528,  Taf.  12,  Fig.  1:28. 
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throngh  the  worldDg  door,  and  as  it  melts  it  mns  out  of  this  door 
and  falls  into  the  melting  pot,  where  it  is  kept  melted  by  a  small 


fire  bnilt  nnder  it.  When  the  melting  pot  is  fall,  the  lead  is  ladled 
out  into  the  molds  and  made  into  pigs.  A  furnace  of  this  kind  will 
Bmelt  from  7,000  to  9,000  pounds  of  ore  in  twenty-four  hours;  con- 
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suming  from  Ij  to  1}  cords  of  oak  wood,  and  requiring  tho  labor 
of  two  men. 

The  Scotch  Hearth,  similar  in 
construction  to  Fig.  152,  is  often 
used  for  the  reduction  of  large  ore 
and  the  smelting  of  slag.  Fop 
fine  ore  it  is  objectionable,  because 
BO  much  of  the  fine  ore  dust  is 
carried  up  the  chimney  by  the 
draft.  It  consists  of  a  cast  iron 
box,  set  in  masonry.  At  the  rear 
is  a  tuyere  B,  through  which  the 
blast  enters  from  a  bellows,  or  air  compressor,  which  is  usually  oper- 
ated by  a  water-wheel  in  an  adjoining  room.  Ore  and  fuel  are 
charged  together  in  small  quantities  in  front  of  the  tuyere,  and  when 
the  box  becomes  filled  with  metallic  lead  it  runs  out  over  the  work- 
ing plate  G,  and  into  the  smelting  pot  D,  from  which  it  is  ladled  ont 
into  the  molds.  The  smoke  escapes  through  a  very  large  chimney, 
which  is  sometimes  aboat  thirty  feet  high.  The  finest  and  softest 
quality  of  lead  ore  is  produced  by  this  process,  but  the  percentage 
of  loss  is  greater  than  in  the  reverberatory  furnace. 

A  furnace  of  this  description  will  smelt  from  10,000  to  12,000 
pounds  of  ore  in  twenty-four  hours,  and  requires  the  labor  of  six 
men;  that  is,  two  at  a  time  working  at  eight  liour  shifts. 

Seduction  of  Zinc  Ore.  The  reduction  of  zinc  ore  in  the  Lead 
Region  has  not  hitherto  proved  to  be  a  remunerative  business, 
although  very  profitable 
as  conducted  in  Illinois, 
where  all  of  our  zinc  ore 
is  consumed.  The  reason 
is  probably  that  it  is  less 
expensive  to  ship  the  ore 
to  La  Salle,  where  coal  is 
obtained,  than  to  ship  the 
coal  into  the  Lead  Region, 
and  then  export  the  man- 
ufactured product. 

The  only  process  which 
the  zinc  ores  of  the  Lead 
■  Region   untlergo  previous 
to  shipment,  is  the  roast- 
ing of  the  carbonate.    The         fl-bnici  won,  Roismo  cauonitt  oi 


FlO.  US8. 


LEAD  AND  ZING  OR£S.  655 

blende  is  never  subjected  to  any  roasting  previous  to  shipment. 
The  roasting  of  smithsonite  is  effected  in  a  simple  furnace,  such  as 
is  represented  in  Fig.  153,  and  not  unlike  a  lime-kiln  in  construction 
and  working.  It  consists  of  a  large  oven,  A,  with  an  interior  lining 
of  fire-brick,  B,  which  is  separated  from  the  masonry,  D,  of  the 
furnace,  by  the  lining  of  common  brick,  C. 

After  building  a  fire  in  the  bottom  of  the  furnace,  and  when  it 
has  become  well  warmed,  layers  of  ore  and  bituminous  coal  are 
added  gradually  until  the  furnace  is  nearly  full.  As  fast  as  the  ore 
is  calcined  it  is  withdrawn  through  the  doors  E,  E,  access  to  which 
is  had  through  the  arched  entrances  F,  F.  K  is  a  circular  mass  of 
masonry,  to  facilitate  the  descent  and  withdrawing  of  calcined  ore. 
The  object  of  this  operation  is  to  eliminate  from  the  ore  as  much 
as  possible  of  the  carbonic  acid  which  it  contains.  This  is  usually 
about  thirty-five  per  cent.,  and  of  this  about  thirty  per  cent,  is  ex- 
pelled. The  small  amount  of  water  which  is  usually  present  in 
mechanical  mixture  is  also  driven  off  during  the  operation ;  and  as 
a  final  result  the  ore  loses  about  one-third  of  its  entire  weight,  and 
the  bulk  is  diminished  in  about  the  same  ratio. 

A  furnace  of  the  above  description  and  size  will  contain  about  60 
tons  of  raw  ore ;  and  will  roast  about  twenty-five  tons  in  twenty- 
four  hours,  requiring  the  labor  of  six  men  working  two  at  a  time  in 
eight-hour  shifts.  From  80  to  100  pounds  of  bituminous  coal  are 
required  for  each  ton  of  ore.  The  cost  of  carrying  the  ore  through 
this  operation  is  from  $50  to  $60  per  hundred  tons.  The  cost  of 
such  a  furnace  with  the  requisite  tools  is  about  $3ov. 

With  calcination  the  treatment  of  zinc  ore  in  the  Lead  Eegion 
ceases.  It  is  then  shipped  to  La  Salle,  HL,  and  there  reduced ;  form- 
ing a  considerable  portion  of  the  spelter  produced  in  the  United 
States. 

We  have  now  sketched  with  as  much  minuteness  as  so  brief  an 
article  will  allow,  the  conditions  under  which  our  ores  are  found, 
and  the  manner  of  procuring,  preparing  and  reducing  them,  which, 
taken  together,  form  one  of  the  most  important  industries  of  the 
State. 


CHAPTER  III. 

ECONOMIC  SUGGESTIONS  IN  REGARD  TO  COPPER, 

SILVER  AND  OTHER  ORES. 

Bt  T.  C.  Chambxrlin. 

It  is  the  purpose  of  this  chapter  to  make  such  practical  sugges- 
tions concerning  ores  not  now  actively  mined  in  the  State,  as  may 
perhaps  be  serviceable  to  parties  who  are  or  may  become  interested 
in  them. 

Copper, 

Note. —  For  details  as  to  the  occurrence  of  copper  within  the  State,  see  VoL  n, 
pp.  27,  2S  (Lapham),  210  (Chamberlin),  619  (Irving),  741-2  (Strong);  Vol.  Ill,  pp. 
208-6  (Irving),  343,  344,  848,  853,  857  and  862  (Sweet),  403-427  (Strong  and  Cham- 
berlin); Vol.  IV,  pp.  56,  69-72  (Strong),  390,  405  and  507  (Chamberlin).  For  the 
characteristics  of  the  copper  ores,  see  this  volume,  pp.  311^14.  For  the  origin 
of  the  copper  deposits,  see  this  volume,  pp.  108-114,  141  and  164;  and  Vol.  IV, 
p.  405. 

Copper  occurs  in  Wisconsin  (1)  in  its  native  state ;  (2)  in  the  form 
of  the  copper-iron  sulphides,  Ghalcopyrite  (copper-pyrites)  and  Bor- 
nite;  (3)  in  the  form  of  the  copper  carbonates,  3falachite  and  Azur- 
ite;  and  (4)  as  the  copper  oxides,  CupriU  and  TetrahedriU. 

Teats,  Not  infrequently  certain  substances,  especially  those  of  a 
greenish  color,  are  mistaken  for  copper  ores,  and  are  thus  the  occa- 
sion of  false  hopes,  and  sometimes  of  useless  expenditures.  A  few 
of  the  simple  methods  of  detecting  copper  may  therefore  prove 
serviceable.  The  native  or  metallic  copper  is  of  course  so  well 
known  as  to  need  no  description.  As  found  at  the  surface,  it  is 
usually  coated  with  green  copper  carbonate,  popularly  but  incor- 
rectly known  as  verdigris.^  This  coatinof  is  malachite^  and  furnishes 
a  convenient  standard  of  comparison.  Its  color,  when  critically 
examined,  is  found  to  be  different  from  that  of  most  other  green 
minerals,  and  as  examples  of  it  on  copper  and  brass,  utensils  are  so 
readily  accessible,  most  mistakes  might  be  avoided  by  a  simple  com- 
parison. It  is  very  common  to  hear  of  water  in  pits,  springs  or 
quarries,  in  which,  if  tools  are  left,  they  will  "turn  green,"  and 

*  Verdigris  is  an  acetate  of  copper. 
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confident  hopes  of  a  copper  mine  are  not  infrequently  built  upon 
this  fact.  A  little  attention  to  the  exact  color  would  probably  un- 
deceive in  all  such  pases.  The  writer  has  never  found  this  green 
coating  to  be  anything  but  "  frog  spittle,"  or  a  similar  vegetable 
growth.  It  is  perfectly  safe  to  say  that  all  such  supposed  indica- 
tions of  copper  are  entirely  fallacious. 

A  very  simple  test  of  green  or  blue  minerals,  suspected  of  being 
copper  carbonates,  is  as  follows:  Powder  some  of  the  mineral,  and 
apply  a  little  nitric  acid,  and,  after  giving  the  acid  a  few  moments 
to  act,  insert  for  an  instant  the  point  of  a  knife  blade,  or  other  ar- 
ticle of  steel  or  iron,  made  clean  and  bright,  and  if  there  is  any 
notable  quantity  of  copper  present,  the  blade  will  be  coated  with  a 
thin  film  of  metallic  copper.  A  more  delicate  test  is  to  add  ammo- 
nia to  the  nitric  acid  solution,  when,  if  there  is  copper  present,  the 
liquid  will  assume  a  deep  blue  color.  Only  an  extremely  small 
quantity  of  copper  is  necessary  to  give  this  reaction.  As  these  tests 
can  be  made  by  any  one  at  the  cost  of  a  nickel,  there  is  little  need 
for  doubt  or  deception. 

The  test  for  the  carbonates  may  be  made  applicable  to  any  com- 
mon copper  ore  by  powdering  a  small  portion,  mixing  it  with  soda 
(common  baking  powder  will  answer),  and  heating  it  to  redness  (on 
a  stove  shovel,  if  nothing  more  suitable  is  at  hand).  After  cooling, 
remove  the  fused  mass  and  apply  nitric  acid,  and  test  with  knife 
blade  or  ammonia  as  above  directed. 

Relative  Quantity.  But  it  is  one  thing  to  discover  copper  and 
quite  another  to  find  it  in  paying  quantities.  Only  a  small  percent- 
age of  the  instances  of  the  occurrence  of  copper  would  repay  min- 
ing. It  is  impossible  to  lay  down  any  general  rules  that  can  be 
safely  applied,  unless  guided  by  considerable  special  knowledge; 
but  some  general  statements  may  be  helpful. 

The  amount  of  copper  necessary  to  remunerative  mining  varies 
greatly,  according  to  the  form  in  which  it  occurs ;  the  cost  of  min- 
ing, transportation,  reduction,  etc.  Ores  yielding  not  more  than 
three  or  four  per  cent,  are  sometimes  profitably  worked.  When 
the  copper  occurs  in  the  metallic  state  it  may  be  profitably  wrought 
at  an  even  less  percentage.  On  the  other  hand,  ores  containing 
several  times  that  amount  may  be  unremunerative. 

An  important  consideration  is  the  proportion  of  the  ore  to  that 

of  the  rock  which  must  be  mined  and  handled  with  it.    A  width  of 

three  or  four  feet  along  the  vein  must  necessarily  be  mined  out,  and 

unless  the  ore  bears  a  fair  ratio  to  the  whole  of  this  it  may  be 
Vol.  1—42 
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unprofitable,  though  in  itself  the  vein  may  be  a  rich  ore.  It  is 
clear  that  a  very  narrow  vein,  or  even  a  thin  seam  of  pure  copper, 
might  give  less  metal  in  proportion  to  the  rock  handled  than  a  vein 
of  quite  lean  ore  or  disseminated  metal  which  "has  a  good  working 
width,  so  that  little  or  no  barren  rock  would  need  to  be  mined  out 
with  it.  The  concentrated  ore  has,  however,  the  advantage  in  the 
extraction  of  the  metal. 

Again,  there  are  considerable  differences  in  the  cost  of  reduction. 
Beyond  doubt  some  of  the  sulphide  ores  of  the  southwestern  part 
of  the  State  would  be  quite  remunerative,  if  the  metal  they  contain 
occurred  in  the  native  state,  as  it  does  in  the  Lake  Superior  region. 
Its  unfortunate  combination  with  iron  and  sulphur  increases  the 
difficulty  and  expense  of  its  reduction. 

To  these  considerations  are  to  be  added,  manifestly,  the  favorable 
or  unfavorable  situation  of  the  deposit,  the  cost  of  power,  labor  and 
transportation ;  the  facilities  for  marketing,  etc. 

These  considerations  may  enable  the  intelligent  land-owner  or  ex- 
plorer to  determine,  in  very  many  instances,  that  the  deposit  he  may 
have  found  falls  short  of  the  remanerative  limit,  and  the  matter 
may  be  dismissed  without  further  trouble  or  expense. 

But  may  not  a  lode  that  is  unremunerative  at  the  surface 
grow  richer  below?  It  sometimes  does.  But  the  too  prevalent 
dictum  that  "  veins  usually  grow  richer  as  you  go  down,"  is  an 
ignis  fatuus  that  has  allured  thousands  into  unprofitable  expendi- 
tures. There  is  no  such  general  rule  that  is  a  trustworthy  guide. 
Deposits  sometimes  grow  richer  with  depth,  and  sometimes  poorer. 
The  truth  seems  to  be  that  there  is  a  presumption  of  increasing 
richness  in  depth  in  certain  classes  of  deposits,  and,  on  the  other 
hand,  a  presumption  of  decreasing  richness  (after  moderate  depths 
have  been  reached)  in  other  classes,  while  in  still  others,  there  are 
no  known  grounds  for  presumption  either  way.  In  most  cases,  the 
richness  is  fluctuating,  growing  in  turn  richer  and  poorer.  It  is 
impracticable  here  to  define  these  classes  (even  so  far  as  it  is  now 
possible  to  define  them  at  all),  so  as  to  make  the  discriminations 
practically  serviceable  to  those  for  whom  these  suggestions  are  in- 
tended. The  topic  is  here  introduced  for  the  purpose  of  guarding 
against  attaching  undue  weight  to  a  fallacious  dictum.  There  are 
very  many  cases  where  the  surface  display  of  ore  is  small,  which  yet 
justify  proving  up  by  sinking  shafts,  but  it  is  as  important  that  undue 
stimulus  shall  be  withheld,  as  that  proper  encouragement  should  be 
given.     It  is  important  to  observe,  however,  that  the  immediate 


COPPER  ORES.  659 

surface  of  outcropping  veins  or  lodes  may  be  altered  by  surface 
agencies  and  some  excavation  may  be  necessary  to  develop  the  true 
condition  of  the  deposit.  Ttiese  remarks  are  made  with  reference 
to  the  more  common  forms  of  deposits.  Those  of  the  southwestern 
part  of  the  State  conform  to  the  peculiar  laws  of  the  lead  and  zinc 
ores  elsewhere  discussed. 

In  case  the  land-owner  or  explorer  has  positively  determined  the 
existence  of  copper,  either  by  finding  it  in  the  native  state,  or  by  a 
reliable  identification  of  its  ores,  and  by  a  careful  estimate  has  found 
that  its  amount  is  considerable  in  proportion  to  the  gangue  or  vein- 
rock  that  incloses  it,  and  also  to  the  amount  of  rock  that  must  be 
removed  in  mining,  his  judicious  course  (the  geological  formation 
being  favorabloj  or  at  least  not  adverse)  will  then  be  to  procure  a 
reliable  assay  of  an  average  sample  of  the  ore.  It  requires  some 
moral  courage  to  select  samples  which  shall  fairly  represent  the 
average  of  the  lode  ii>  its  length  and  width,  but  this  is  quite  essen- 
tial to  a  trustworthy  judgment  as  to  the  prospective  value  of  the 
deposit.  A  considerable  quantity  of  fragments  should  be  taken 
from  all  parts  of  the  vein  equally,  and  without  regard  to  apparent 
richness.  These  the  assayist  will  powder  and  mix  and  thus  secure 
an  average  sample.  If  the  result  of  a  trustworthy  assay  prove  en- 
couraging, further  excavation  and  additional  assays  will  be  justi- 
fied, and  exploration  may  proceed  judiciously,  basing  operations 
on  what  is  found  and  what  is  fairly  indicated,  or  rendered  reasonably 
probable. 

There  may,  of  course,  be  instances  where  the  interests  of  com- 
munities, or  corporations,  may  justify  the  proving  of  the  possibilities 
of  a  formation,  without  much  regard  to  the  prdbabilities.  The  sug- 
gestions here  made  are  intended  only  for  those  whose  sole  interest 
lies  in  the  deposit  under  investigation,  and  whose  only  recompense  is 
the  return  which  it  may  make. 

Fav<yrahle  Territory.  One  of  the  notable  results  of  the  survey 
has  been  the  demonstration  that  the  Copper-bearing  series  of  Lake 
Superior  extends  entirely  across  the  northwestern  part  of  the  State 
from  Michigan  to  the  Minnesota  border.  This  very  much  increases 
the  area  that,  in  a  general  sense,  may  be  said  to  offer  favorable 
ground  for  the  discovery  of  mines,  and  there  is  a  reasonable  basis 
for  the  hope  that  valuable  discoveries  will  be  made  in  the  course  of 
the  settlement  of  the  country,  and  the  excavations  incidental  thereto. 
Up  to  the  present,  the  region  has  been  covered  largely  with  forest 
and  surface  drift,  and  has  presented  conditions  unfavorable  to  ex- 
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ploration ;  but  with  the  completion  of  the  raiboads  now  being  con- 
structed, its  settlement,  and  the  development  of  its  resources  will 
doubtless  be  speedy. 

The  other  area  of  the  State  known  to  bear  copper  deposits  that  at 
least  approach  a  remunerative  richness  lies  in  the  southwestern  part 
of  the  State,  and  is  descri  bed  in  Vpl.  IV.  The  strata,  the  ores,  and 
the  method  of  their  occurrence  are  quite  different  from  those  of  the 
northern  portion  of  the  State,  the  embracing  formations  being  mag- 
nesian  limestones,  the  ores  cJudcopyrite  (copper  jpyritea)  and  tnalor 
chite  and  azurite  resulting  from  its  alteration,  and  the  mode  of 
occurrence,  similar  to  that  of  the  lead  and  zinc  deposits.  For  de- 
tails reference  may  be  made  to  the  discu^ion  of  the  ore  deposits  of 
Southwestern  Wisconsin  in  the  preceding  chapter  and  in  Volume  IV. 

Concerning  their  utilization  the  following  observation  may  be 
offered.  In  the  present  condition  of  the  copper  market,  and  with 
present  facilities  for  shipment  and  reduction,  they  can  be  made  but 
very  slightly,  if  at  all,  remunerative,  and  little  or  no  advantage  to 
the  owners  or  the  community  would  accrue  from  their  extraction. 
The  present  great  mines  of  native  copper  in  the  north  cannot  be 
expected  to  maintain  indefinitely  their  enormous  yields,  while  the 
consumption  of  copper  will  surely  increase  with  the  continued  de- 
velopment of  mechanical  appliances,  and  may  perhaps  be  specially 
augmented  by  the  more  extensive  use  of  electrical  devices.  With 
the  decline  of  the  mines  of  native  copper,  the  sulphides  must  be 
more  extensively  reduced,  and  better  facilities  and  more  economical 
methods  will  result.  Prices  will  probably  also  appreciate,  and  labor 
be  cheaper.  Under  such  conditions  these  deposits  may  come  to  be 
valuable.  Our  advice  is,  therefore,  to  reserve  them  to  that  time, 
which  may  not  be  distant. 

These  suggestions  apply,  in  the  main,  to  the  copper  region  of  the 
northern  portion  of  the  State.  Both  regions  have  agricultural  and 
other  productive  resources  upon  which  their  permanent  dependence 
may  rest,  and,  in  the  long  run,  the  greatest  value  from  their  mineral 
deposits  can  be  realized  by  choosing  the  most  advantageous  time  for 
their  development,  and  by  exercising  prudence  and  discretion  in 
their  utilization. 

Drift  Copper,  "  Float "  Copper.  The  occasional  pieces  of  virgin 
copper  that  are  found  in  the  drift  at  various  points,  have  been 
brought  from  the  Lake  Superior  region  by  glacial  agencies,  and  left 
where  they  are  found,  hap-hazard,  so  to  speak.  The  finding  of  one 
piece  offers  no  presumption  that  another  may  be  found  near  it,  and 
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is,  of  course,  no  indicatioa  whatever  of  a  copper  deposit  in  the 
vicinity.  The  finding  of  one  of  these  pieces  is  merely  so  much 
good.  luck.  Hundreds,  if  not  thousands  of  them,  have  been  picked 
up  in  the  State,  especially  in  the  eastern  and  northern  portions. 

Silver. 

NoTB. —  For  details  as  to  the  occurrence  of  silver  in  the  State,  see  this  volume, 
p.  810;  Vol.  II,  p.  27;  VoL  m,  pp.  201,  206,  858  and  669;  VoL  IV,  pp.  882-3. 

Native  silver  occurs  in  association  with  the  copper  of  the  Lake 
Superior  region,  and  in  the  drift  derived  from  that  region.  The 
silver-bearing  stratum  of  the  Ontonagon,  or  more  strictly  Iron-river, 
region  of  Michigan,  which  a  few  years  since  created  some  excite- 
ment, and  called  forth  considerable  expenditures,  was  at  that  time 
traced  by  the  survey  across  the  Montreal  river,  into  Wisconsin,  and 
found  to  there  contain  small  quantities  of  silver  and  copper.  The 
unfavorable  experience  of  the  operations  in  Michigan,  however, 
leaves  little  ground  for  expecting  rich  deposits  in  that  horizon, 
though  nothing  is  known  to  forbid  it. 

Silver  occurs  as  a  minute  ingredient  of  the  lead  ores  of  the  south- 
western, portion  of  the  State,  but  the  quantity  is  even  less  than  is 
common  to  such  ores,  in  which  it  is  almost  universally  present. 

While  silver  has  very  frequently  been  unauthoritatively  reported 
from  various  parts  of  the  State,  and  undoubtedly  occurs  not  unfre- 
quently  in  minute  quantities,  nothing  is  known  that  gives  substan- 
tial grounds  for  expecting  any  valuable  discoveries.  Experience 
and  observation  give  an  adverse  probability.  Our  judgment,  there- 
fore, is  that,  while  inquiry  into  the  composition  of  whatever  mineral 
seems  to  possess  any  likelihood  of  being  argentiferous  is  to  be 
encouraged,  there  is  no  justification  for  fostering  an  expectation  of 
rich  results,  or  for  incurring  an  expense  beyond  what  the  satisfaction 
di  knowing,  or  the  posstbUitieSy  rather  than  the  jprobabilUieSy  may 

warrant. 

Gold. 

Note. — For  the  occurrence  of  gold  within  the  State,  see  this  volume,  p.  810; 
Vol.  n,  p.  27;  VoL  m,  p.  669. 

Only  minute  quantities  of  gold  have  yet  been  proven  to  exist 
within  the  State.  The  crystaUine  rocks  of  the  northern  region  are 
very  similar  to  those  in  which  gold-bearing  veins  occur  elsewhere, 
but  the  lack  of  the  discovery  of  notable  quantities  either  in  the 
veins,  or  the  sands  of  that  region,  gives  a  quite  adverse  aspect  to  the 
probabilities  of  its  discovery  in  quantity. 
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Manganese. 

Manganese  ores  (see  p.  317),  mainly  pyrcHv^te^  occur  in  the 
Fenokee  Iron  Eange,  in  the  Barron  county  quartzites,  in  the  Lead 
Segion,  and  in  some  of  the  bog  deposits  of  the  State.  In  none  of 
these  situations  does  it  promise  to  be  of  available  value,  except  as 
an  ingredient  of  iron  ores,  though  some  of  the  last  class  of  deposits 
may  prove  to  be  so.  Its  blackness  and  soft  nature  are  its  most 
conspicuous  characters,  and  by  these  it  may  usually  be  recognized. 


CHAPTER  IV. 

BUILDING  MATERIAL. 

Bt  T.  C.  Chambkrliv. 

The  older  portions  of  the  State  are  already  entering  upon  the 
second  stage  of  their  architectural  history,  that  in  which  the  pioneer 
structures  are  replaced  by  the  more  ample  and  enduring  ones  that 
mark  the  attainment  of  an  assured  prosperity.  It  may  not  be 
altogether  unfortunate  that  so  many  of  the  buildings  constructed 
under  the  stress  and  limitations  of  early  settlement  are  of  perishable 
materials,  and  that  they  so  readily  and  necessarily  give  place  to  a 
better  class  of  structures.  But  as  the  era  of  larger  and  more  ex- 
pensive buildings,  public  and  private,  is  entered  upon,  and  ampler 
means  are  at  command,  it  is  important  that  attention  should  be 
turned  toward  the  employment  of  more  imperishable  and  non- 
combustible  material. 

The  native  architectural  material  which  falls  within  the  geological 
purview  may  be  grouped  under  three  heads :  1st,  material  formed 
and  solidified  by  nature,  as  building  and  ornamental  stone ;  2d,  mate- 
rial adapted  to  artificial  solidification,  as  brick  and  ceramic  clays ; 
3d,  material  adapted  to  the  preparation  of  cements,  as  common  and 
hydraulic  limes. 

I.  BtJiLDiNO  Stone. 

Among  the  leading  desirable  qualities  of  building  stone  are  en- 
durance, agreeable  color,  ease  of  working,  and  adaptability  to  re- 
quired dimensions.  Prominent  among  these  is  endurance.  Our 
climate  is  not  of  the  least  trying  character.  Not  only  are  the 
extremes  of  hejit  and  cold  measurably  great,  but  the  transitions  of 
temperature  are  somewhat  frequent  and  sudden.  Experience  in 
northern  Europe  has  shown  the  instability  of  several  classes  of 
otherwise  desirable  rocks,  when  submitted  to  the  test  of  centuries. 
The  entire  classes  of  limestones  and  sandstones  are  placed  under  ban. 
This  is  doubtless  an  extreme  view  of  endurance,  which,  as  the 
people  of  a  new  and  rapidly  evolving  state,  we  are  not  yet  prepared 
to  fully  accept  as  a  working  basis,  and  in  these  reports  the  term  en- 
during has  been  used  in  a  somewhat  more  limited  sense.    But  in 
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the  construction  of  our  great  bridges,  piers  and  permanent  public 
works,  if  not  in  our  more  expensive  dwellings  and  business  blocks, 
a  more  liberal  respect  for  the  influence  of  time  may  be  altogether 
wholesome. 

Perishableness  in  rock  arises  mainly  from  two  sources,  a  tendency 
to  solution  or  disintegration  under  the  influence  of  air  and  mcHsture, 
and  a  liability  to  be  affected  by  changes  of  temperature,  and  espe- 
cially by  frost.  Among  the  common  rock  constituents  least  affected 
by  the  former  agencies  is  quartz,  and  next  in  rank,  perhaps,  the 
feldspars.  Among  those  most  affected  are  limestones,  and  the 
pyroxenes  and  amphiboles  (whose  most  frequent  forms  are  augite  and 
hornblende).  Those  most  affected  by  the  latter  agencies  are  rocks 
of  a  porous,  absorptive  nature,  or  of  a  fissile  character.  When 
moisture  is  freely  absorbed,  it  matters  little  what  the  character  of  the 
rock,  it  must  at  length  yield  to  the  irresistible  power  of  freezing 
water.  The  disintegrating  effects  of  frost  greatly  aid  dissolution 
by  chemical  agencies,  and  the  actual  results  observed  are  largely 
due  to  their  combined  action.  One  of  the  practical  benefits  to  be 
derived  from  full  and  careful  descriptions  of  the  texture  and  com- 
position of  rocks  is  suggested  by  these  considerations. 

To  those  unskilled  in  the  detection  of  the  constituents  of  rocks, 
there  is  an  easier  and  more  obvious  line  of  observation,  leading  to 
very  decisive  results.  The  larger  portion  of  our  State  is  strewn 
with  scattered  bowlders,  representing  essentially  all  the  formations 
that  lie  north  of  us  for  three  hundred  miles  or  more.  These  were 
detached  from  their  parent  ledges,  borne  southward,  and  deposited 
where  they  now  are,  with  freshly  rubbed  and  rounded  surfaces,  in  a 
recent  geological  epoch,  but  still  one  antedating  the  historical 
period.  "While  many  of  these  bowlders  may  have  only  been  uncov- 
ered in  the  later  times,  the  most  of  those  which  are  fully  exposed 
on  the  surface  present  the  results  of  the  severest  tests  of  many  cen- 
turies. By  an  examination  of  these,  it  may  be  observed  that  all  the 
limestones  show  an  eroded  surface.  Some  have  been  deeply  eaten 
into  irregular  and,  occasionally,  fantastic  forms;  some  riven  to 
fragments,  and  largely  dissolved;  while  some,  though  surface-etched, 
are  still  sound  and  firm  in  the  interior.  The  sandstones  have 
usually  suffered  fracture  and  surface  disintegration,  and  some  have 
wholly  crumbled  away.  The  gneisses  are  disintegrated  in  varying 
degrees,  and  are  occasionally  crumbled  to  fragments;  the  granites 
have  sometimes  admirably  endured,  and  sometimes  as  notably  suc- 
cumbed ;  the  quartzites  are  rarely  much  affected,  and  stand  as  the 
type  of  extreme  resistance;  the  quartz-porphyries  are  in  like  manner 
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little  affected,  for  the  most  part,  while  the  dark  class  of  rocks  of 
igneous  aspect  are  universally  altered  on  the  surface,  and  sometimes 
greatly  disintegrated. 

A  similar  class  of  observations  may  be  made  on  rock-ledges,  or 
any  natural  exposure  of  rock.  It  is  safe  to  assume  that  whatever 
has  taken  place  in  the  native  ledge,  will  take  place  in  the  artificial 
wall,  in  proportion  to  the  degree  of  its  exposure.  A  layer  of  rock 
that  is  disintegrated  or  split  into  chipstone,  as  it  comes  to  the  surface 
in  the  hillside  or  outcropping  ledge,  will  sufifer  like  degradation  in 
an  exposed  wall.  A  rock  that  stands  forth  at  the  natural  surface, 
firm  and  unriven,  may  be  safely  trusted  in  any  construction.  In 
making  these  observations,  we  are  but  reading  the  teachings  of 
Nature's  experience  with  our  rock  and  in  our  climate.  We  may,  of 
course,  make  serviceable,  temporarily,  material  that  fails  in  these 
severer  trials,  but  they  are  none  the  less  instructive.  The  manner 
in  which  a  rock  weathers  also  furnishes  a  valuable  indication  of  the 
changes  of  color  that  it  will  suffer,  and  is  especially  to  be  considered 
in  respect  to  monumental  uses. 

Oranites.  First  among  the  valuable  rocks  of  the  State  are  to  be 
reckoned  its  granites,  both  on  account  of  their  extent  and  variety 
and  their  excellence.  The  great  Laurentian  area  of  the  northern 
part  of  the  State  is  occupied  largely  by  granites  and  gneisses,  among 
which  are  some  of  exceptional  excellence.  Some  specimens  exhibited 
at  the  Centennial  Exposition  received  very  high  commendation  from 
foreign  experts,  as  material  for  monumental  and  ornamental  pur- 
poses, as  well  as  for  massive  construction.  Granitic  rocks  of  greater 
or  less  excellence  outcrop  along  the  upper  reaches  and  tributaries  of 
the  Menominee,  the  Peshtigo,  the  Oconto,  the  "Wolf,  the  Wisconsin, 
the  Yellow,  the  Black,  the  Chippewa,  the  Flambeau,  the  Bad,  and  the 
Montreal  rivers.  These  are  now  being  rapidly  brought  within 
the  reach  of  cheap  transportation,  and  should  be  utilized  to  the  mu- 
tual benefit  of  those  who  work  and  those  who  use  them.  In  the 
central  part  of  the  State,  there  are  a  few  outliers  nearer  to  market, 
as  those  of  Montello,  Spring  Lake,  Marion,  Waupaca  and  Mukwa.* 
That  at  Montello  has  been  recently  extensively  utilized. 

The  attention  of  interested  parties  is  invited  to  the  Wisconsin 
granites,  not  only  as  affording  suitable  material  for  ordinary  archi- 
tectural purposes,  piers,  paving,  and  similar  uses,  but  also  for  monu- 
mental and  ornamental  uses. 

Porphyries.  In  Central  Wisconsin  there  are  several  outliers  of 
quartz-porphyry  that  furnish  a  hard  and  enduring  material  of  dark 

1  VoL  n,  pp.  248-9,  521-2. 


666  BUILDING  STONE. 

rich  color,  more  or  less  mottled  by  interspersed  crystals  of  lighter 
hue.  Some  of  the  knobs  that  are  entirely  bare  and  appear  to  havB 
been  so  ever  since  the  glacial  period,  still  retain  the  glacial  groov- 
ings,  and  sometimes  even  spots  of  glacial  polishing,  indicating  a 
remarkable  endurance.  They  are  capable  of  receiving  a  high  and 
beautiful  polish,  though  they  are  wrought  with  difficulty.  They  are 
capable  of  sustaining  great  pressure,  or  enduring  long  continued 
wear.  They  have  recently  been  introduced  into  Chicago  as  paving 
material.  The  outcrops  of  this  rock  and  their  characteristics  are 
described  in  Vol.  II,  pp.  249,  252,  519-521. 

Quartzites,  Quartzites,  when  pure  and  thoroughly  metamor- 
phosed, furnish  a  material  of  the  greatest  endurance.  An  obstacle 
to  their  use,  however,  lies  in  their  extreme  hardness,  brittleness,  and 
want  of  cleavage.  In  some  portions  of  the  quartzite  ranges  of  the 
istate,  however,  the  alteration  from  sandstone,  to  which  they  owe 
their  origin,  is  not  of  the  extreme  character,  and  the  rock  still  re- 
tains something  of  the  workable  nature  of  the  original  sandstone 
and  is  then  a  very  serviceable  rock.  In  other  cases,  scales  of  alu- 
minous minerals  are  present,  and  give  the  rock  a  sufficient  cleavage  to 
be  worked  without  serious  difficulty,  as  in  the  case  of  the  Portland 
rock,  where  the  accessory  ingredients  are  sufficient  to  give  some 
portions  a  somewhat  granitic  appearance,  and  the  rock  is  popularly 
termed  a  granite. 

At  certain  horizons  in  the  Baraboo  and  Barron  county  quartzite 
series,  there  is  enough  of  aluminous  and  ferruginous  material  inter- 
mingled, to  give  the  rock  a  finer  grained,  and  a  more  highly  colored 
character,  verging  toward  pipestone  or  jasper.  Some  of  this  would 
make  a  most  beautiful  building  stone.  These  modifications  most 
abound  in  the  pipestone  region  of  Barron  county.  The  leading 
quartzite  localities  are  as  follows,  and  are  described  on  the  pages  re- 
ferred to:  Baraboo,  Vol.  II,  pp.427,  504-519;  Portland,  Vol  II, 
pp.  252-256 ;  Wausau,  Vol.  II,  pp.  480-488 ;  Vol.  IV,  p.  661 ;  Me- 
nominee Range,  Vol.  Ill,  pp.  459,  460,  466-7,  481,  491,  507-511 ; 
Penokee  Range,  Vol.  Ill,  pp.  108-110,  123,  134, 142-4, 164;  Barron 
and  Chippewa  counties.  Vol.  IV,  pp.  575-581 ;  Necedah,  Vol.  II, 
pp.  523-4;  and  on  and  adjacent  to  the  Peshtigo  river. 

Oabhros.  It  is  perhaps  worthy  of  note  in  this  connection  that 
rock  identical  with  that  known  as  "  Duluth  granite  '^  occurs  in  mass- 
ive formation  in  Ashland  county,  adjacent  to  the  Wisconsin  Cen- 
tral liailway,  and  elsewhere.  It  is  not  a  true  granite,  but  a  gabbro; 
is  tougher,  less  hard  and  less  enduring  than  the  best  granites,  but 
possesses  fair  powers  of  resistance.     It  is  perhaps  the  only  rock  of 
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the  diabase  class  likely  to  meet  with  much  acceptance  as  a  building 
stone,  the  class  being  generally  dull  in  color,  and  subject  to  surface 
changes. 

Scmdstones,  The  reddish-brown  sandstones  of  Lake  Superior  afford 
a  building  material  quite  comparable  in  excellence  to  the  favorite 
brownstones  of  the  east,  which  they  greatly  resemble  in  color  and 
texture.  They  occur  along  the  lake  shore  in  Ashland,  Bayfield  and 
Douglas  counties,  and  are  finely  exposed  in  the  Apostle  Islands. 
They,  and  their  equivalents  in  Michigan,  rank  among  the  best  archi- 
tectural sandstones  of  the  interior.  The  light-colored  Potsdam 
sandstone,  so  widely  distributed  across  the  central  portion  of  the 
State,  is  usually  too  soft  and  friable  to  furnish  a  first  class  rock,  but 
portions  of  it  are  not  unfrequently  rendered  firm  by  a  calcareous, 
ferruginous,  or  silicious  cemient,  and  yield  a  handsome,  easily 
wrought,  and  quite  durable  stone.  Some  of  the  more  indurated 
portions  are  excellent  for  the  heaviest  class  of  masonry,  bridge  piers, 
etc.  Some  of  the  partially  calcareous  strata  near  the  upper  surface 
of  the  formation  have  a  fine  grain,  pleasant  color,  moderate 
strength,  are  easily  wrought  and  considerably  used.  The  Madison 
sandstone,  much  used  at  the  Oapital,  is  perhaps  the  best  known 
example. 

With  rare  exceptions,  the  St.  Peters  sandstone  is  too  incoherent 
for  building  purposes.  Indeed  it  is  much  more  frequently  a  direct 
source  of  mortar-sand.  At  Eed  Rock,  near  Darlington,  it  is  impreg- 
nated with  much  iron-oxide,  and  locally  indurated,  and  affords  a 
serviceable  reddish-brown  stone.  At  a  few  other  localities,  it  is 
locally  solidified,  but  its  use  as  building  stone  is  limited. 

Lmieatones,  While  the  limestones  of  Wisconsin  furnish  a  large 
amount  of  widely  accessible  rock,  serviceable  for  ordinary  masonry 
and  common  coursing  work,  and  are  thus  a  resource  of  wide  avail- 
ibility,  it  is  only  in  selected  portions  that  heavy  beds  of  fine  grain, 
uniform  texture,  and  agreeable  color,  suited  to  the  higher  architect- 
ural uses,  are  found.  Of  such  the  Niagara  limestone  furnishes  a 
considerable  number.  At  Waukesha,  Genessee  and  other  locations 
on  the  same  stratum,  a  compac  t,  fine-grained,  white  limestone,  ex- 
cellent for  cutting,  is  found,  and  somewhat  extensively  utilized.  The 
Byron  beds  that  stretch  from  near  Fond  du  Lac  to  the  extremity  of 
the  Green  Bay  peninsula,  afford  a  very  similar,  fine-grained,  white 
limestone  of  like  excellence.  Similar  stone  also  occurs  in  the 
towns  of  Manitowoc  Kapids,  Cooperstown,  Eockland  and  adjoining 
regions.  Near  Cedarburg,  east  of  Fond  du  Lac,  in  Ashippun,  and 
elsewhere,  there  are  granular  dolomites  that  cut  into  dimension  stone 


668  CLAYS. 

with  great  facility,  have  a  warm,  cream  color,  and  are  serviceable 
where  great  strength  is  not  indispensable.  In  the  town  of  Brillion, 
and  to  some  extent  elsewhere,  there  are  fine-grained,  marble-like 
beds,  that  are  lined  and  flecked  with  pink,  which  give  the  rock  a 
handsome  appearance.  It  takes  a  fair  polish,  and  might  be  utilized 
to  good  purpose  as  an  ornamental  stone. 

The  Galena  limestone  rarely  has  a  grain  that  adapts  it  to  the 
higher  classes  of  masonry.  In  the  modified  form  which  it  takes  in 
the  Fox  river  valley,  it  has  furnished  heavy  blocks  that  have  been  ex- 
tensively used  for  piers,  locks  and  similar  heavy  work.  It  is  there 
characterized  by  argillaceous  seams  that  might  be  thought  to  un- 
favorably affect  its  endurance,  buc  the  drift  blocks  that  have  appar- 
ently been  exposed  for  ages,  seem  to  testify  to  the  contrary. 

The  greater  portion  of  the  Trenton  limestone  is  affected  by  shaly 
seams  and  partings,  which  lead  to  splitting  and  disintegration, 
especiaUy  where  exposed  to  moisture  and  freezing,  and  this  renders 
it  unsuited  to  trying  situations.  Selected  portions  have  fair  endur- 
ance. The  most  peculiar  development  of  the  Trenton  series  is  the 
Glass  rock  of  the  Lead  Region,  a  very  fine-grained,  dark-gray  rock 
of  glassy  fracture.  It  furnishes  a  good  coursing  stone,  the  Platte- 
ville  Normal  School  building  being  constructed  of  it. 

The  Lower  Magnesian  limestone  is,  in  the  main,  coarse,  rough, 
thick-bedded,  and  suited  only  for  rough,  heavy  work.  Certain 
exceptional  portions,  however,  possess  an  excellent,  even  texture, 
and  a  soft,  uniform  color,  that  is  quite  in  contrast  with  the  body 
of  the  formation.  The  quarries  of  the  town  of  Westport,  near 
Madison,  from  which  the  material  of  the  Insane  Asylum  and  other 
public  buildings  was  obtained,  are  examples  (Vol.  II,  p.  602). 

For  specific  descriptions  of  the  rocks  of  the  State,  reference  may 
be  made  to  the  descriptive  portions  of  the  report  in  Volumes  II, 
in,  and  lY. 

n.  Clays. 

In  their  utilization  in  the  manufacture  of  brick,  tile,  pottery,  or 
similar  products,  the  several  ingredients  of  clays  and  clayey  earths 
have  different  properties,  and  perform  distinct  functions.  The  true 
clay  (i.  e.,  the  hydrous  silicate  of  alumina)  is  the  main  ingredient 
that  gives  plasticity  and  adhesiveness,  and  is  the  element  upon 
which  the  strength  of  the  product  is  generally  regarded  as  depend- 
ent. But  it  has  the  unfortunate  property  of  shrinking,  warping 
and  cracking  in  the  process  of  drying,  and  this  must  be  obviated. 
The  corrective  commonly  used  is  silica,  in  the  form  of  common 
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sand,  or  a  silicious  earth.  While  this  corrects  measurably  the 
tendency  to  contract,  it  lessens  the  cohesive  strength,  and  tends  to 
give  weakness  and  brittleness.  Its  too  large  use  makes  the  brick 
*'  rotten,"  in  popular  phrase. 

The  most  obvious  effect  of  the  presence  of  iron  is  upon  the  color- 
ation of  the  product.  The  redness  of  most  clay  products  is  due  to 
this  ingredient.  In  the  clay,  the  iron  is  usually  in  the  form  of 
protoxide  or  hydrous  peroxide,  whose  colors  are  bluish  or  yellowish ; 
but  on  heating,  the  water  is  expelled,  and  the  iron  fully  oxidized  to 
the  red  peroxide.  This  result  is  obviated  when  much  lime  and 
magnesia  are  present,  as  will  be  presently  noted.  Another  function 
of  the  iron  ingredient  is  to  cement  together  the  other  constituents, 
and,  to  the  extent  of  its  presence,  it  tends  to  give  strength. 

Lime  and  magnesia,  when  present  in  the  form  of  a  comminuted, 
clay-like  constituent  —  a  common  form  in  glacial  clays, —  act  as 
fluxes  at  a  high  temperature,  fusing  and  binding  the  silicious  and 
aluminous  ingredients  into  a  hard  and  firm  product.  They  have 
also  the  remarkable  property  of  uniting  with  the  iron  ingredient  to 
form  a  light-colored  alumina-lime-magnesia-iron  silicate,  and  thus 
the  product  is  cream-colored,  instead  of  red.  Mr.  Sweet  has  shown 
by  analysis  that  the  Milwaukee  light-colored  brick  contain  even 
more  iron  than  the  Madison  red  brick.  At  numerous  points  in  the 
Lake  region,  and  in  the  Fox  river  valley,  cream-colored  brick  are 
made  from  red  clays.  In  nearly  or  quite  all  cases,  whatever  the 
original  color  of  the  clay,  the  brick  are  reddish  when  partially 
burned.  The  explanation  seems  to  be  that,  at  a  comparatively 
moderate  temperature,  the  iron  constituent  is  deprived  of  its  water 
and  fuUy  oxidized,  and  is,  therefore,  red,  while  it  is  only  at  a  rela- 
tively high  heat  that  the  union  with  the  lime  and  magnesia  takes 
})lace,  giving  rise  to  the  light  color.  The  calcareous  and  magnesian 
clays  are,  therefore,  a  valuable  substitute  for  true  aluminous  clays, 
for  they  not  only  bind  the  mass  together  more  firmly,  but  give  a 
color  which  is  very  generally  admired.  They  have  also  this  practi- 
cal advantage,  that  the  effects  of  inadequate  burning  are  made  evi- 
dent in  the  imperfect  development  of  the  cream  color,  and  hence  a 
more  carefully  burned  product  is  usually  secured.  It  is  possible  to 
make  a  light-colored  brick  from  a  clay  which  usually  bums  red,  by 
adding  lime.  The  amount  of  lime  and  magnesia  in  the  Milwaukee 
brick  is  about  twenty-five  per  cent.  In  the  original  clays  in  the  form 
of  carbonates,  they  make  up  about  forty  per  cent. 

The  effect  of  what  soda  and  potash  may  be  present  in  the  clays 
(the  amount  is  usually  small)  is  undoubtedly  similar  to  that  of  the 
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lime  and  magnesia.    They  fuse  at  a  lower  temperature,  and  unite 
more  readily  with  the  silica,  iron,  etc. 

The  presence  of  lime  in  the  form  of  pebbles  or  concretions  is  to 
be  avoided,  for  in  such  cases  it  only  fuses  with  other  constituents  on 
the  exterior  of  the  lumps,  and  the  remainder  is  reduced  to  quick- 
lime, which  subsequently  absorbs  moisture,  slacks,  swells  and  cracks 
the  brick. 

While  light-colored  brick  have  been  general  favorites,  and  proba- 
bly always  wiU  be,  handsome  red  brick  are  now  much  demanded, 
and  the  tendency  of  present  taste  is  turning  somewhat  in  that  direc- 
tion. Probably  there  will  always  be  a  fluctuaing  preference  for 
the  one  or  the  other,  and  both  will  probably  always  be  in  demand. 
The  color  of  red  brick,  when  dull,  may  be  improved  by  the  judi- 
cious addition  of  an  iron-earth.  Earth  of  this  character,  apparently 
well  suited  to  the  purpose,  may  be  found  at  Iron  Ridge  and  at  sev- 
eral other  localities.  In  the  Red  Clay  region,  superficial  clays  that 
have  been  rewrought  by  surface  drainage,  and  from  which  the  cal- 
careous element  has  been  mainly  removed,  probably  also  furnish  an 
excellent  material  for  bright  red  brick.  Of  course  the  calcareous 
clays  must  be  avoided  if  red  brick  are  desired. 

In  the  older  countries,  specially  colored  brick,  as  black,  blue, 
green,  etc.,  are  in  considerable  use.  Doubtless  our  white  brick,  with 
their  fusible  tendencies,  would  furnish  an  excellent  basis  for  special 
coloring,  which  is  usually  accomplished  by  fusmg  into  the  exterior 
a  suitable  pigment,  much  as  is  done  in  glazing  pottery. 

As  above  indicated,  fusible  ingredients  are,  within  certain  limits, 
advantageous  in  the  manufacture  of  common  brick,  but  of  course 
precisely  the  opposite  is  true  when  a  refractory  brick  is  desired.  A 
fire-brick  of  the  first  quality  must  be  entirely  free  from  any  ingre- 
dient that  will  either  fuse  by  itself,  or  in  association  with  other  con- 
stituents of  the  clay,  at  any  attainable  temperature.  Lime  and 
magnesia,  while  extremely  infusible  in  themselves,  flux  with  silica, 
and  vitiate  the  refractoriness  of  any  clay  in  which  they  occur. 
Potash  and  soda,  and  to  a  less  extent  iron,  have  a  similar  eflFect. 
The  practical  absence  of  these  ingredients  is,  therefore,  essential. 
Some  of  the  clays  of  "Wood,  Jackson  and  other  counties  afford 
material  of  this  class  (Yol.  II,  pp.  469-471). 

The  clays  of  Wisconsin,  considered  with  reference  to  the  fore- 
going characteristics,  fall  mainly  into  three  general  classes:  1st. 
Those  which  are  highly  calcareous,  and  produce  light-colored  brick; 
2d.  Those  which  contain  but  little  lime  and  magnesia,  and,  by  virtue 
of  the  iron  oxide  present,  yield  a  red  product;  and,  3d.  Kaolin 
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clays,  or  those  which  are  nearly  free  from  all  ingredients  except 
silica  and  alumina,  and  produce  a  white,  highly  refractory  product. 
1.  The  first  class  owe  their  origin  mainly,  as  we  hold,  to  the 
mechanical  grinding  of  glacial  ice  upon  strata  of  limestone,  sand- 
stone and  shale,  resulting  in  a  comminuted  product  that  now  con- 
tains from  25  per  cent,  to  50  per  cent,  of  carbonates  of  lime  and 
magnesia.  This  product  of  glacial  grinding  was  separated  from  the 
mixed  stony  clays  produced  by  the  same  action,  by  water,  either 
Immediately  upon  its  formation,  or  in  the  lacustrine  epoch  closely 
following.  The  process  of  separation  must  have  been  rapid  and 
comparatively  free  from  the  agency  of  carbonated  waters,  otherwise 
the  lime  and  magnesia  would  have  been  leached  out.  Where  these 
glacial  clays  have  been  rewrought  by  drainage  waters  and  surface 
agencies  in  recent  times,  the  carbonates  of  lime  and  magnesia  have 
been  mainly  removed  from  them  and  they  pass  into  the  second  class. 
This  change  may  be  appreciated  by  a  very  simple  observation. 
Selecting  a  point  where  the  drift  hills  are  composed  of  stony  clay 
(which  is  true  of  most  hills  in  the  limestone  districts  of  the  drift- 
bearing  area),  and  where  recent  gullies  by  the  roadside  or  in  the 
field  have  cut  down  into  the  drift  below  the  leached  surface  portion, 
apply  a  little  diluted  hydrochloric  or  other  strong  acid,  and  the  clay 
will  respond  with  prompt  and  vigorous  effervescence.  Follow  down 
the  gully  into  the  valley  to  a  point  where,  by  the  lessening  of  the 
slope,  the  clay  washed  from  above  has  been  deposited,  and  test 
again,  and  no  eflFervesoence  (so  far  as  my  experience  goes)  will  result. 
The  effervescence  in  this  case  is  due  to  the  escape  of  carbonic  acid, 
which  is  displaced  from  its  union  with  lime  and  magnesia  by  the 
stronger  acid  applied.  This  shows  that  the  original  clay  of  the  hills 
is  mainly  deprived  of  its  calcareous  and  magnesian  ingredients  in 
being  washed  to  the  valley.  While  the  original  clay  might  but  for 
its  stoniness  give  a  good  white  brick,  the  secondary  valley  deposit 
would  burn  red.  For  a  like  reason  there  are  localities  where  the 
upper  portion  of  the  clay  bed  burns  red,  while  the  lower,  unleached 
portion  gives  a  light-colored  product.  With  the  growing  demand 
for  both  white  and  red  brick,  this  phenomenon  can  probably  be 
turned  to  practical  advantage.  For  example,  in  the  extensive  red 
clay  district  bordering  Lakes  Michigan  and  Winnebago  (the  red  clays 
of  Lake  Superior  are  much  less  calcareous,  containing  from  four  to 
twelve  per  cent.,  Vol.  Ill,  p.  213),  the  original  clay  is  highly  cal- 
careous, and  bums  light-colored,  notwithstanding  the  large  amount 
of  iron  which  gives  the  clay  its  high,  native  color.  The  surface 
portion,  and  such  parts  as  have  been  reworked  by  surface  waters, 
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are  but  slightly  calcareous,  and  (though  I  am  not  aware  that  the 
experiment  has  been  tried)  would  doubtless  burn  red,  and  from  the 
amount  and  uniform  distribution  of  the  iron  oxide,  as  indicated  by 
the  natural  color  of  the  clay,  it  might  be  expected  to  give  a  deep 
rich  color.  Of  course  the  calcareous  portion  would  have  to  be  care- 
fully excluded.  The  simple  acid  test  above  indicated  would  dis- 
tinguish between  the  two.  I  know  of  no  common  clay  which  fails 
to  give  effervescence  that  will  produce  white  brick. 

It  is  not  uncommon  for  the  brick  of  some  yards  to  present  much 
variety  of  color,  some  being  white,  some  quite  red,  with  various 
intermediate  grades,  and  with  blotched  and  mottled  specimens. 
This  is  probably  due,  in  some  instances,  to  the  mingling  of  the  sur- 
face leached  clays  with  the  deeper  calcareous  ones,  and  in  such 
cases  might  be  easily  avoided,  the  acid  test  serving  as  a  guide  to 
distinguish  between  the  two.  Differences  of  color,  varying  from 
white  to  light  red,  may  also  be  due,  as  already  indicated,  to  different 
degrees  of  burning.  This  might  be  clearly  determined  by  the  posi- 
tion of  the  brick  with  reference  to  the  ff re. 

The  area  in  which  the  calcareous  brick  clays  abound  may  be  de- 
fined as  the  limestone  district  of  the  later  drift  region,  or,  mainly, 
the  eastern  portion  of  the  State.  They  do  not  occur  in  the  drif  tless 
region,  because  the  clays  of  that  district  were  derived  from  the  dU- 
integration^  not  grinding,  of  the  rock,  and  the  calcareous  and  mag- 
nesian  portion  were  removed,  and  the  silicious  and  aluminous  left. 
They  are  not  mechanically-formed,  but  residuary  clays. 

Very  highly  calcareous  clays  cannot  bo  expected  to  occur  in  the 
Archaean,  or  sandstone  areas,  except  so  far  as  limestone  drift  has 
been  borne  onto  them;  since  the  crystalline  rocks  of  the  State  are 
not  rich  in  lime. 

Calcareous  clays  occur  in  the  older  drift  area,  but  are  rather  rare. 
They  are  likewise  not  common  in  the  central  part  of  the  State,  within 
the  later  drift  limits. 

2.  Slightly  Calcareous  Clays,  The  second  class,  the  slightly  cal- 
careous clays,  are  widely  distributed  throughout  the  State,  occurring 
as  superficial  deposits  in  districts  of  calcareous  clays,  and  as  the  main 
body  of  clay  deposits  elsewhere. 

3.  Kaolin  Clays.  The  third  class,  or  the  Kaolin  clays,  are,  of 
course,  of  much  rarer  occurrence.  They  originated  from  the  disin- 
tegration of  gneissoid  rocks  (mainly  from  the  feldspar  contained  in 
them),  and  may  have  been  more  prevalent  in  the  granitic  regions 
before  the  drift  period,  but,  for  obvious  reasons,  rarely  survived  in 
the  region  actively  over-ridden  by  the  ice.    In  coincidence  with  thif 
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fact,  the  deposits,  so  far  as  known,  lie  on  the  southern  edge  of  the 
granitic  area,  along  the  margin  of  the  glaciated  area,  mainly  in 
Wood  county.  As  the  proper  utilization  of  these  clays  is  dependent 
upon  a  special  knowledge  of  the  precise  character  of  each  deposit, 
general  suggestions  are  of  little  value.  Those  interested  are  referred 
directly  to  the  local  descriptions  and  analyses  given  in  Vol.  II, 
pp.  4:68,  469,  471  and  476,  and  to  the  special  paper  of  Prof.  Irving 
on  the  "  Kaolin  Clays  of  Wisconsin,"  published  in  the  Transactions 
of  the  Wisconsin  Academy  of  Sciences,  1880. 

While  it  is  convenient  and  customary  to  speak  of  the  crude  ma- 
terial of  brick  as  clay,  that  which  is  really  made  use  of  is  a  mixture 
of  clay  and  sand,  or,  in  the  cream-colored  brick,  of  aluminous  clay, 
calcareous  clay  or  marl,  and  sand.  This  mixture  is  really  a  loam, 
and  but  for  the  appropriation  of  that  term  as  the  designation  of  a 
soil,  it  would  doubtless  be  more  generally  applied  to  such  mixtures. 
Very  many  deposits  present  the  right  proportions  of  clay  and  sand, 
either  already  mixed  or  in  interstratified  layers  readily  mixed  in  the 
handling. 

Pottery  clays,  suitable  for  pottery,  common  tile,  etc.,  abound  at 
various  localities,  and  some  of  the  finer  classes  are  apparently  suited 
for  higher  ceramic  purposes 

m.  Limes  and  Cements. 

The  several  limestone  series  of  Wisconsin  furnish  superabundant 
material  for  the  manufacture  of  quicklime,  suitable  for  common 
constructive  purposes.  The  main  practical  question,  therefore,  that 
claims  attention  here,  relates  to  the  selection  of  the  best  available 
material,  a  matter  too  much  neglected. 

Chemioal  Composition.  It  was  formerly  supposed  that  pure  car- 
bonate of  lime  afforded  the  best  material  for  the  purpose,  and  that 
the  magnesian  limestones  were  inferior;  but  extensive  experience 
seems  to  have  satisfactorily  demonstrated  that  the  reverse  is  true. 
At  least,  the  great  markets  of  this  country  are  said  to  be  now  supplied 
almost  wholly  by  magnesian  limes,  to  the  exclusion  of  the  simple 
limes,  even  though  the  latter  may  be  obtained  nearer  at  hand.  It 
is  possible  that  this  may  be  in  part  due  to  greater  freedom  from 
impurities,  and  to  texture,  but  at  any  rate  the  former  prejudice 
against  magnesia  seems  to  have  been  ill-founded. 

The  presence  of  silica  (sand)  and  alumina  (clay)  are  objectionable, 
not  only  as  impurities,  but  because,  by  fusing  with  the  lime,  they 
neutralize  an  univalent  portion  of  that,  and  are  therefore  more 
Vol.  I— 48 
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than  simple  inert  impurities.  Iron  is  especially  objectionable,  if  it 
discolor  the  product.  It  may,  however,  unite  with  silica  and  lime 
in  proper  proportion,  and  form  a  light-colored  lime-iron  silicate,  as 
in  white  brick,  as  before  noted. 

In  view  of  the  fact  that  the  impurities  of  limestones  that  have 
been  actually  used  range  from  fifteeen  or  more  per  cent,  down 
to  less  than  one  per  cent.,  some  convenient  test  that  can  be  applied 
by  lime-burners,  even  though  it  give  only  approximate  results, 
would  prove  serviceable.  I  have  seen  kilns  of  approved  construc- 
tion, and  favorably  located,  lying  idle  and  abandoned,  within  a 
short  distance  of  as  fine  beds  of  magnesian  limestone  as  the  country 
is  known  to  afford,  while  a  quite  inferior  rock  had  been  used. 

A  test  capable  of  giving  even  but  a  rude  approximation  to  the 
composition  would  guard  against  the  more  serious  errors,  and  be  of 
particular  service  where  the  different  beds  of  a  locality  vary  in 
character.  Such  a  test  may  be  made  by  simply  dissolving  a  portion 
of  the  rock  in  dilute  hydrochloric  (muriatic)  acid,  and  estimating 
the  amount  of  the  residue.  Chippings  from  the  rock,  suflScient  to 
represent  a  fair  average,  may  be  pounded  up  together,  and  a  por- 
tion of  the  powdered  rock  transferred  to  a  glass.  To  this,  add 
gradually  the  acid  (if  it  be  concentrated,  it  is  well  to  dilute  it 
somewhat  with  water).  Bubbles  of  carbonic  acid  gas,  displaced 
from  the  limestone  by  the  stronger  acid  applied,  will  rise  through 
the  liquid  in  the  glass.  Continue  to  add  acid  until  bubbles  cease 
to  rise.  The  carbonates  of  lime  and  magnesia  will  then  have 
been  dissolved,  and  a  small,  but  not  very  important,  part  of  the 
impurities.  The  main  and  most  objectionable  part  of  the  impurities 
will  remain  as  dregs,  and  an  approximate  estimate  of  their  amount 
may  be  made.  If  the  rock  belongs  to  the  higher  grade  of  purity, 
the  amount  will  be  very  small,  not  more  than  about  one  one-hun- 
dredth of  the  powdered  rock  used  in  the  experiment.  Different  beds 
may  thus  be  compared,  and  the  best  afforded  by  any  locality 
selected.^ 

1  By  the  use  of  apothecary's  scales,  even  a  rude  determination  of  the  percent- 
age of  insoluble  impurities  may  be  made.  In  this  case,  dry  thoroughly  the 
powdered  limestone  in  an  oven  or  otherwise,  weigh  out  carefully  the  quantity 
to  be  used  (say  200  grains),  dissolve  the  soluble  portion  in  hydrochloric  acid,  pour 
the  whole,  both  liquid  and  residue,  upon  a  filter  made  by  adjusting  filter  paper 
in  a  funnel  in  a  manner  familiar  to  aU  druggists,  and,  after  the  liquid  has  diuined 
away,  pour  pure  water  into  the  glass  used  in  dissolving,  and  stir  it  so  as  to  wash 
out  all  the  sediment,  and  pour  this  into  the  filter,  and  repeat  the  operation  until 
the  sediment  has  aU  been  transferred  and  until  that  on  the  filter  has  been 
cleansed  of  the  acid  solution.    Then  remove  the  filter  paper,  together  with  the 
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The  Niagara  formation  affords  an  abundance  of  magnesian  lime- 
stone, well  distributed,  in  which  the  total  impurity  is  only  about 
one  per  cent.,  and,  in  some  instances,  only  about  one-half  of 
one  per  cent.  While  there  may  be  special  reasons  which  render  it 
profitable  to  the  burner  and  serviceable  to  the  consumer  to  reduce 
a  somewhat  less  pure  rock  in  certain  localities,  it  is  in  general 
possible  to  secure  limestone  whose  average  impurity  does  not  much 
exceed  one  or  one  and  a  half  per  cent.  Two  per  cent,  should  gen- 
erally be  regarded  as  the  outside  limit.  In  the  central  and  western 
parts  of  the  State,  where  transportation  from  the  Niagara  district 
is  an  important  item,  recourse  may  advantageously  be  had  to  the 
lower  limestones.  From  thQ  Galena  limestone  it  is  possible  to  select 
portions  whose  impurities  shall  fall  below  two  per  cent.,  and  this  is, 
in  many  localities,  the  best  available  formation.  In  the  Lead 
Region,  portions  of  the  Blue  limestone  can  be  obtained  whose  im- 
purities fall  below  two  per  cent. ;  indeed  in  some  instances  nearly 
as  low  as  one  per  cent.  Elsewhere,  it  is  less  pure.  The  Lower 
Magnesian  limestone  is  usually  quite  silicious,  but  varies  much, 
which  makes  judicious  selection  a  matter  of  importance.  There 
are  portions  of  the  formation,  rather  exceptional  it  is  true,  in  which 
the  percentage  of  impurities  does  not  exceed  one  or  one  and  a  half 
per  cent.,  and  which  take  rank  among  our  purest  magnesian  lime- 
stones; and  this,  while  it  is  not  uncommon  that  rock  in  which  there 
are  six  or  eight  per  cent,  of  objectionable  ingredients  is  burned. 
Most  regions  dependent  upon  this  formation  can  probably  be  sup- 
plied by  judicious  selection  from  beds  of  not  more  than  three  or 
four  per  cent,  impurity,  and  indeed  much  less,  in  some  favored 
localities. 

The  area  of  crystalline  rocks  in  the  northern  portion  of  the  State 
can  have  no  local  supply,  for  want  of  limestone,  and  will  find  its 
best  supply,  in  the  main,  from  the  Niagara  limestone,  whose  edge 
nearest  to  that  region  is  readily  accessible  on  the  eastern  margin  of 
the  Fox-River-Green -Bay  valley  from  the  vicinity  of  Lake  Winne- 
bago northward.  The  northwestern  region  can  be  supplied  with  a 
fair  product  from  the  Lower  St.  Croix  and  Chippewa  river  limestone 
districts. 


insoluble  residue  upon  it,  and,  after  carefuUj  drying,  the  sediment  may  be  re- 
moved and  weighed.  Chemists  usuaUy  bum  the  filter  paper  and  include  the  ash 
with  the  residue,  so  as  to  save  the  fine  particles  that  adhere  to  the  paper,  and 
then  make  a  deduction  for  the  weight  of  the  ash  of  the  paper,  the  amount  of 
which  is  known.  Having  obtained,  as  accurately  as  i)08sible,  the  weight  of  the 
insoluble  portion,  it  will  only  remain  to  divide  its  weight  by  that  of  the  original 
powdered  rock  to  give  the  percenta^^e. 
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To  go  into  details  as  to  localities  and  special  beds  on  this  broad 
subject  of  lime-supply,  would  far  transcend  our  present  limits. 
Attention  has  been  given  to  it  in  the  description  of  the  several  lime- 
stone strata  in  Volumes  II  and  IV,  to  which  reference  may  be  made. 

Texture.  The  discussion  has  thus  far  had  reference  onlv  to  the 
chemical  composition  of  the  rock,  but  its  texture  is  a  consideration 
not  to  be  overlooked.  A  certain  degree  of  porosity  is  desirable, 
since  it  permits  the  ready  escape  of  the  liberated  gases,  and  secures 
a  uniform  and  complete  reduction  without  an  excessive  heat  and  its 
attendant  deleterious  effects.  It  likewise  facilitates  complete  slacking 
when  used,  and  tends  to  prevent  the  introduction  into  the  wall  of 
unslacked  lumps,  whose  subsequent  swelling  injures  it.  A  uniform, 
porous,  granular  texture  best  meets  this  requirement.  Some  of  our 
dolomites  are  composed  of  minute  crystals,  rather  loosely  aggre- 
gated, leaving  minute  interstitial  pores  which  furnish,  in  almost 
ideal  perfection,  the  desired  quality.  In  some  cases  this  granular 
condition  is  so  marked  that  the  rock  is  regarded  as  a  sandstone  and 
seemingly  avoided.  On  the  contrary,  it  is  the  very  rock  to  be  sought, 
unless  too  loose  and  crumbling. 

Pure  Limestone.  There  are  occasional  special  uses  for  lime,  in 
which  magnesia  is  detrimental.  In  the  interest  of  such  industries, 
attention  may  be  called  to  the  simple  limestones  of  the  Trenton 
series  in  the  Lead  Region,  especially  to  the  peculiar  layers  known  as 
Glass  rock^  which  have  their  most  typical  development  on  the  Platte 
and  Fever  rivers  and  their  tributaries,  and  mav  be  well  seen  near 
Platteville,  Quimby's  Mills,  and  elsewhere.  An  analysis  reported 
by  Prof.  Whitney  gives  the  composition  of  a  specimen  as,  carbonate 
of  lime,  97.92;  carbonate  of  magnesia,  1.60;  peroxide  of  iron  and 
magnesia,  0.28;  insoluble  residue,  0.82. 

Flux.  The  Glass  rock,  but  for  the  occasional  presence  of  parti- 
cles of  pyrites,  and  its  distance  from  most  furnaces,  would  be  ad- 
mirably adapted  to  use  as  a  flux  for  iron  ores,  but  practically  is  not 
now  available.  The  pure  granular  magnesian  limestones  of  the 
Niagara  formation  are,  everything  considered,  the  best  and  most 
available  which  the  State  affords,  and  these  have  been  practically 
demonstrated  to  be  reasonably  satisfactory. 

Hydraulie  Cements.  An  important  class  of  constructions  require 
a  cement  whose  qualities  will  not  be  affected,  except  beneficially, 
by  contact  with  water.  It  was  long  since  found  that  certain  nat- 
ural and  artificial  mixtures  of  lime,  magnesia,  alumina  and  silica, 
prepared  by  moderate  burning  and  grinding,  give  this  desired  qual- 
ity.    The  precise  explanation  of  this  has  not  yet  been  certainly  ar- 
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rived  at  Quite  various  compositions  have  been  found  to  give  good 
results.  In  general  terms,  it  may  doubtless  safely  be  said  to  be  due  to 
the  formation,  chemically,  of  an  aluminous-lime-magnesian  silicate. 
Hydraulic  limestones  are  to  be  sought  among  the  impure  magne- 
sian  limestones  and.  highly  calcareous  shales.  Some  of  these  are 
known  to  possess  hydraulic  properties  in  a  measurable  degree,  and 
the  constitution  of  others  makes  it  highly  probable  that  they  do 
also.  There  is  little  reason  to  expect,  however,  that  a  stratum  pos- 
sessing an  excellence  equal  to  that  now  utilized  near  Milwaukee  will 
be  found,  though  the  variation  in  character  of  hydraulic  cements 
renders  a  judgment  in  advance  of  actual  tests  of  uncertain  value. 
The  Milwaukee  cement  is  quite  fully  described  in  Volume  11,  to 
which  reference  is  invited.  Experience,  so  far  as  I  am  informed, 
justifies  the  high  estimates  which  the  early  tests  encouraged. 


CHAPTER  Y. 

SOn.S  AND  SUBSOILS  OF  WISCONSDt 

BT  T.  C.  CBAMBERLDf. 

Note. —  For  special  descriptions  of  soils,  see  Vol.  11,  pp.  18^198,  449-451,  663; 
Vol.  Ill,  824-6,  875-381;  VoL  IV,  156-9.  For  geographical  distribution,  see  Atlas 
Plate  U,  B. 

Only  a  portion  of  the  complicated  questions  that  are  involved  in 
the  highest  utilization  of  the  soil  fall  within  the  field  of  the  geolo- 
gist. Almost  the  entire  range  of  natural  and  commercial  science  is 
in  some  degree  involved,  directly  or  indirectly,  in  the  industries  de- 
pendent on  the  soil,  and  a  correspondingly  wide  range  of  knowledge 
is  tributary  to  farming  in  its  widest  and  highest  sense.  The  geolog- 
ical aspects  relate  mainly  to  (1)  the  origin  and  nature  of  the  soil, 
(2)  to  its  waste  and  reproduction  by  natural  means,  (3)  drainage,  and 
(4)  natural  fertilizers. 

Origin  of  Soils.  Allusion  has  been  briefly  made,  in  the  closing 
portion  of  the  Historical  Geology  (pp.  294-5),  to  the  manner  in 
which  our  soils  originated.  As  a  broad  general  proposition,  it  may 
be  stated  that  the  mineral  portions  of  soils  originate  from  the  disin- 
tegration of  rock,  and  the  organic  portions  from  the  decomposition 
of  animal  and  vegetable  matter.  As  the  latter  is  largely  that 
which  the  soil  has  itself  produced,  and  is  partly  due  to  the  character 
of  its  mineral  ingredients,  a  consideration  of  these  will  embrace  the 
essential  geological  phases  of  the  subject.  The  character  of  the 
soil  derived  from  a  rock  depends  mainly  (1)  upon  the  nature  of 
the  rock,  (2)  upon  the  manner  and  degree  of  its  reduction  to  the 
fine,  earthy  condition,  and  (3)  upon  the  degree  of  retention  or  loss 
of  the  finer  constituents. 

The  rocks  of  Wisconsin,  as  already  abundantly  set  forth,  belong 
to  four  chief  classes :  (a)  the  limestones ;  (b)  the  sandstones ;  (c)  the 
clay  shales,  and  (d)  the  mixed  crystalline  rocks.  The  more  common 
agencies  by  which  these  are  reduced  to  an  earthy  condition  are 
water,  the  atmosphere,  especially  the  ingredients,  carbonic  acid  and 
oxygen,  changes  of  temperature,  including  especially  fmst,  tha 
action  of  plants  and  plant  products,  and  that  of  animals,  especially 
the  agency  of  earthworms,  as  lately  shown  by  Darwin.     The  re- 
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duction  eflfected  by  these  agencies  is  partly  of  a  chemical  and  partly 
of  a  physical  nature,  and  the  result  is  a  comminution  of  a  part  of 
the  rock-substance,  and  the  solution  and  removal  of  another  portion, 
while  sometimes  a  third  portion  is -left  in  unreduced  lumps  or 
masses,  of  greater  or  less  size. 

In  the  case  of  limestones,  the  lime  and  magnesia  are  mainly  dis- 
solved and  carried  away  by  the  agency  of  water  charged  with  car- 
bonic acid,  while  the  alumina  and  silica  that  were  distributed 
through  the  rock  as  impurities  are  left,  because  mainly  insoluble. 
These  last  form  the  body  of  the  soil,  which,  in  this  case,  usually  has 
a  fine  texture  of  the  loamy  or  clayey  character.  There  is  usually 
retained  a  portion  of  the  other  ingredients  of  the  limestone,  the 
lime,  magnesia,  potash,  soda,  iron,  and  in  smaller  quantities,  sulphur 
and  phosphorus.  These  ingredients  were  originally  derived,  as 
already  explained  in  the  Greneral  Geology,  from  oceanic  sediments, 
formed  largely  from  the  remains  of  animal  and  vegetable  life ;  with 
which  were  also  entrapped  some  oceanic  salts.  The  decomposition 
of  the  limestones  is,  in  favorable  situations,  continually  going  on 
beneath  the  subsoil,  furnishing  new  soil-earth  and  fresh  mineral 
solutions  that  can  be  taken  up  directly  by  deep-rooted  plants,  and 
which  are  drawn  surface-ward  by  capillary  action,  particularly  in 
times  of  drought. 

Soils  of  this  character  prevail  in  all  the  areas  of  the  driftless 
tract  of  Western  and  Southwestern  Wisconsin,  and,  to  a  Umited 
extent,  in  the  limestone  areas  of  the  drift-bearing  districts.  In  the 
latter  regions,  however,  for  the  greater  part,  the  soils  are  derived  in 
a  somewhat  different  manner,  presently  to  be  explained. 

Where  the  underlying  rock  is  a  sandstone,  the  action  of  the  same 
agencies  gives  rise  to  a  sandy  soil,  formed  from  the  grains  of  sand 
that  mainly  made  up  the  rock ;  with  which  are  mingled  also  earthy 
matter,  derived  from  the  cement  of  the  sandstone,  and  perhaps  to 
some  extent  from  the  decomposition  of  the  sand  itself.  If  the 
sandstone  is  composed  almost  entirely  of  grains  of  quartz,  the  re^ 
suiting  soil  will  be  poor;  if  composed  in  considerable  part  of  grains 
of  feldspar,  mica,  or  other  silicates,  or  of  minute  crystals  of  celcitey 
or  particles  of  limestone,  or  of  clayey  or  limey  admixtures,  the  re- 
sulting soil  may  be  a  sandy  loam  of  considerable  fertility. 

Sandy  soils  so  derived,  in  part  fertile  and  in  part  sterile,  occupy 
the  area  underlain  by  the  Potsdam  and  St.  Peters  sandstones  in  the 
central  and  western  portions  of  the  State,  whwe  these  are  not  cov- 
ered by  drift  or  wash.  Sandy  soils  do  not,  however,  occupy  the  en- 
tire areas  of  these  formations.    The  sandstones,  being  more  easily 
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eroded  than  the  limestones,  have  been  more  largely  removed,  and 
hence  generally  occupy  valleys  and  lower  tracts,  while  the  lime- 
stones crown  the  hiUs.  The  superior  soil  from  the  latter  has 
washed  down  and  covered  up  or  mingled  with  the  sandy  soil,  im- 
proving its  quality.  Again,  alluvial  deposits  from  streams  fre- 
quently cover  the  bottom  lands,  and  marshy  tracts  are  overspread 
by  peat  and  muck. 

Where  the  underlying  formation  is  a  clay  shale,  it  is  usually  read- 
ily disintegrated  to  a  clay  soil,  which  is  heavier  or  lighter  according 
to  the  character  of  the  original  rock.  The  Hudson  River  (Cincin- 
nati) shales,  which  occupy  a  narrow  belt  on  the  east  of  the  Green- 
Bay-Rock-River  valley,  and  some  limited  patches  in  the  southwestern 
part  of  the  State,  represent  this  class.  These  shales  are  usually 
somewhat  calcareous  and  arenaceous,  so  that  the  resulting  soil  is  a 
clayey  loam,  and  occasionally,  even  a  sandy  loam. 

The  crystalline  silicate  rocks,  of  which  the  granites  and  traps  are 
types,  being  quite  various  in  composition,  give  origin  to  correspond- 
ingly different  soils,  which  vary  from  the  sandy,  through  the  loams, 
to  the  clayey.  But  as  the  areas  of  these  rocks  are  mainly  covered 
with  drift,  it  is  unnecessary  to  consider  the  several  classes  in  detaiL 

In  the  preceding  cases,  the  soils  have  been  derived  directly  from 
the  rocks  on  which  they  lie,  and  depend  immediately  on  them  for 
their  character.  In  pre-glacial  times,  such  soils  undoubtedly  cov- 
ered the  entire  area  of  the  State,  and  there  was  then  a  close  corre- 
spondence between  the  underlying  rock  and  the  soil,  as  there  is  now 
in  the  driftless  district.  But  the  glaciers  that  moved  over  all  the 
eastern  and  northern  portions  of  the  State,  largely  scraped  this  old 
soil  away,  and  ground  off  the  face  of  the  rock,  producing  a  new 
kind  of  rock-flour,  mixed  with  pebbles  and  bowlders,  all  of  which 
were  left  in  a  confused,  irregular  sheet  over  the  surface  of  the  rock, 
constituting  what  is  known  as  the  drift  Two  things  are  especially 
to  be  noted  of  this,  considered  as  soil-matter:  First,  the  material 
of  the  various  formations  was  commingled.  As  the  ice  passed  over 
the  several  strata  in  succession,  it  bore  along  more  or  less  material 
from  all,  and  mixed  and  ground  it  together,  producing  a  highly 
composite  product.  Material  from  the  limestone  belts  was  borne 
onto  and  mixed  with  that  of  the  sandy  tracts,  matter  from  the  crys- 
talline rocks  was  mingled  with  that  of  the  limestones,  and  so  on, 
the  result  being  a  commingling  of  ingredients,  and  a  soil-material 
of  complex  constitution,  and  in  that  regard  favorably  constituted  to 
meet  the  complex  demands  of  the  various  kinds  of  vegetation. 

The  second  characteristic  to  be  noted  is  that  the  finely  commi- 
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nuted  material  was  mechcmicaUy  produced, —  was  the  result  of  rub- 
bing and  grinding.  This  difference  is  most  strikingly  displayed  in 
tiie  limestone  products.  It  has  been  remarked  above  that  in  the  do- 
composition  of  the  limestones  the  lime  and  magnesia  (for  our  lime- 
stones are  nearly  all  magnesian)  were  mainly  dissolved  out,  and  the 
residual  earth  is  chiefly  composed  of  finely  divided  silica  and  alu- 
mina. While  there  is  a  little  lime  and  magnesia  present,  these  soils 
and  subsoils  rarely  give  any  effervescence,  on  the  application  of 
acid,  which  would  take  place  if  the  carbonates  were  present  in  any 
considerable  quantity.  The  clays  produced  by  glacial  action,  on  the 
contrary,  are  ground  limestone,  ill  considerable  part,  and  show  their 
calcareous  character  by  prompt  and  vigorous  action  when  acid  is 
applied. 

These  calcareous  clays  are  not,  however,  in  their  crude  state,  in 
the  most  favorable  condition  tor  supplying  the  wants  of  plants. 
They  need  first  to  undergo  the  reducing  action  of  the  atmospheric 
and  other  agencies  above  noted.  The  result  of  this  action  (which 
has  supervened  since  the  glacial  period)  is  a  surface  soil  from  which 
nearly  all  calcareous  material  has  been  removed,  and  whose  charac- 
teristics are  very  similar  to  those  of  the  limestone  regions  not  acted 
on  by  glacial  agencies.  But  the  deeper  subsoil  is  a  highly  calcare- 
ous clay,  and  this  is  usually  within  reach  of  most  cereals.  Calcareous 
drift  clays  occupy  nearly  all  the  eastern  part  of  Wisconsin,  and  a 
considerable  area  in  the  northwestern  part. 

The  drift  of  the  area  of  crystalline  rocks  in  the  northern  region  is 
mainly  composed  of  ground  crystaUine  rock  and  rock-fragments. 
The  material,  being  in  general  harder,  and  containing  a  larger  in- 
gredient of  quartz,  than  the  limestone,  was  much  less  comminuted 
by  glacial  grinding,  and  remains  coarser  and  more  stony.  But  still 
a  large  amount  of  clay  was  produced,  mingled  with  much  sand  and 
gravel.  By  the  wash  of  glacial  streams,  and  those  that  have  drained 
the  region  sinee,  much  of  this  sand  was  sorted  out,  and  strewn  along 
their  courses  in  great  sand-streams  and  flats,  forming  the  ^'  plains  " 
OT  "  barrens  "  of  that  region.  As  these  lie  mainly  along  the  vaUeys, 
and  are  level,  dry,  and  scantily  clothed  with  timber,  the  earlier  lines 
of  travel  were,  for  obvious  reasons,  along  them,  and,  as  a  conse- 
quence, an  impression  of  barrenness  has  gone  forth  that  is  quite 
untrue  of  the  region  as  a  whole.  The  unmodified,  mixed  drift  em- 
braces a  great  variety  of  clayey  and  sandy  loams  of  much  fertility, 
as  the  heavy  growths  of  mixed  timber  amply  testify.  To  some 
extent,  calcareous  clays  were  borne  onto  the  crystalline  region,  and 
the  fertility  of  the  soil  thereby  increased. 
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Another  result  of  glacial  action  was  the  carrying  of  calcareous 
clays  onto  areas  underlain  by  sandstone,  and  so  covering  them 
with  material  for  a  more  productive  soil  than  they  would  otherwise 
have  possessed. 

In  the  later  stages  of  the  glacial  period  considerable  districts 
bordering  the  Great  Lakes,  and  smaller  areas  in  other  parts  of  the 
drift  region,  were  occupied  by  lakes.  Beneath  these  were  deposited 
clays  from  the  drift.  Of  these,  the  most  important  are  the  red 
clays  that  border  Lakes  Michigan,  Winnebago  and  Superior.  These 
lacustrine  clays,  like  the  original  glacial  clays,  are  calcareous;  those 
of  Lakes  Michigan  and  Winnebago  and  the  Fox  river  valley,  highly 
so;  those  of  Lake  Superior  in  a  less  degree.  The  disintegration  of. 
the  surface  of  these  has  given  rise  to  a  marly-clay  soil  of  medium, 
or  ratlier  heavy,  character  and  enduring  fertility.  Surface  action 
has  mainly  removed  the  calcareous  ingredient  from  the  upper  soil, 
but  it  is  abundant  in  the  deeper  subsoil. 

The  glacial  agencies  left  the  upper  surface  of  the  drift  xmeven, 
presenting  many  shallow  depressions,  which  furnished  the  most 
favorable  conditions  for  the  accumulation  of  muck  and  peat  deposits. 
These  lie  scattered  in  thousands  of  isolated  areas  throughout  the 
drift  area.  Many  of  them  have  been  subsequently  drained  by  natural 
means,  through  the  cutting  down  of  the  edge  of  the  basin  by  the 
out-flowing  water,  while  many  remain  as  undrained  marshes  and 
swamps.  The  soil  of  these  is,  for  the  most  part,  humus,  and  belongs 
to  a  class  quite  distinct  from  those  previously  discussed.  Some  of 
it  is  sufficiently  dry  and  firm  and  free  from  hurtful  acidity  to  be 
excellent  meadow  land.  Some  of  it  is  of  exceptional  value  for 
special  kinds  of  culture,  as  that  of  the  cranberry,  while  some  of  it 
has  its  main  value  as  a  source  of  fertilization  for  adjoining  lands. 

We  have  thus  far  considered  the  derivation  of  soil,  without  regard 
to  the  accidents  of  surface  contour.  Were  the  surface  essentially 
plane,  the  soil  would  quite  closoly  correspond  to  the  formation  be- 
neath; but  the  irregularities  of  the  surface  have  an  important  modi- 
fying influence.  Where  the  slope  is  considerable,  as  on  hillsides, 
much  of  the  finer  material  is  washed  down  into  the  valleys,  leaving 
the  soil  above  thinner  and  coarser.  Of  the  material  washed  down, 
the  coarser  portion  lodges  first,  while  the  finer  is  carried  onto  the 
flatter  bottoms,  or  perhaps  borne  entirely  away.  The  different  con- 
stituents of  the  soil  become  thereby  separated,  and  different  kinds 
of  soil  come  to  occupy  different  topographical  situations.  In  this 
way  soil  derived  from  one  formation  is  transported  to  the  ground 
of  another,  as  in  the  case  of  limestone  soil  being  borne  down  ont j 
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sandstone  territory,  a  common  occurrence  in  the  western  half  of 
the  State.  The  reverse  is  occasionally,  but  more  rarely,  true.  In 
this  way,  also,  clay  deposits  are  sometimes  formed  in  valleys  and 
depressions  in  sandstone  regions  where  limestones  and  clay  rocks 
are  wanting,  the  fine  material  of  the  sandy  soil  being  washed  from 
the  surface,  and  redeposited  in  the  depressions  by  the  slackened 
stream  or  the  embayed  waters,  thus  recovering  in  part  the  loss  of 
the  original  washing. 

The  winds  also  produce  analogous  modifications  of  soils,  by  blow- 
ing away  some  of  the  finer  and  lighter  material  from  exposed  sit- 
uations, and  depositing  it  in  protected  places.  The  winds  probably 
produce  a  somewhat  greater  effect  upon  cultivated  fields  than  we 
commonly  realize,  as  one  may  perhaps  convince  himself  by  observ- 
ing the  discoloration  of  snow  on  a  partially  covered  field,  even 
though  unstirred  and  frozen.  The  effect  of  wind  drift  in  sandy 
regions  is  quite  marked. 

By  these  and  similar  surface  agencies,  almost  innumerable  local 
variations  of  soil  are  produced,  among  which  are  many  of  those 
minor  varieties  observable  on  nearly  every  farm. 

Waste  of  Sods.  What  has  just  been  said  introduces  us  to  the 
subject  of  the  waste  of  soils.  The  surface  drainage  bears  away  a 
not  inconsiderable  portion  of  the  soil.  A  part  of  this  is  only  too 
apparent  in  the  muddy  streams  that  flow  from  cultivated  fields  in 
times  of  flood  and  freshet,  and  even  of  more  moderate  rains. 
Another  portion  is  borne  away  invisibly  in  solution  by  surface 
waters,  and  by  underground  drainage.  There  is  still  another  phase 
of  the  action  not  to  be  overlooked.  Every  shower  disturbs  and 
moves  over  some  little  space  the  surface  panicles  on  cultivated  fields, 
even  when  it  is  not  competent  to  wash  them  any  considerable  dis- 
tance. The  movement  will  obviously  be  mainly  down  hill,  and  as  it 
affects  almost  the  entire  surface,  even  though  the  movement  of  any 
portion  is  small,  the  total  effect  is  not  inconsiderable.  Thus  the 
surface  is  moved,  little  by  little,  toward  the  valley,  where  either 
the  stronger  floods  carry  it  away,  or  it  accumulates  to  a  depth  which 
practically  amounts  to  the  burial  of  the  greater  portion  beyond 
available  reach.  It  has  been  estimated  from  the  amount  of  material 
being  borne  out  into  the  Gulf  of  Mexico,  that  the  whole  surface  of 
the  Mississippi  valley  is  being  lowered  at  the  average  rate  of  one 
foot  in  about  6,000  years.  This  is  certainly  not  a  very  startling 
rate,  but  of  course  it  must  be  considered  that  the  lower  part  of  the 
valley  is  filling,  rather  than  wasting,  and  that  at  our  expense.  It 
must  also  be  noted  that  the  waste  from  cultivated  fields  is  great,  as 
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compared  with  sod  and  timber  land,  so  that  the  bmxien  of  this 
waste  falls  upon  the  tilled  lands.  Upon  these  also  falls  the  loss  from 
the  removal  of  crops,  so  that  they  are  doubly  subjected  to  wastage. 

Reproduction  of  Soils.  Whatever  may  be  the  precise  measure  of 
the  natural  soil  wastage,  it  certainly  is  not  unimportant,  and  gives 
interest  to  the  question  of  a  eompensating  natural  reproduction  of 
soil.  In  so  far  as  the  surface  is  lowered  by  wastage,  the  atmospheric 
agencies  are  brought  within  reach  of  the  underlying  rock,  or  crude 
drift,  from  which  they  develop  a  subsoil  to  compensate  for  the  sur- 
face loss,  and  this  new  soil  will,  in  the  process  of  ages,  itself  become 
the  surface  soil.  There  is  thus  a  renewal  below,  as  the  direct  result 
of  waste  above.  This  renewal  does  not  always  proceed  at  the  same 
rate  as  the  waste,  but  wide  observation  seems  to  render  it  certain 
that  the  agencies  of  renewal  are  competent,  in  the  general  average, 
to  reproduce  the  soil  faster  than  surface  agencies  carry  it  away. 
The  exceptions  are  found  on  very  steep  slopes,  and  in  special  situa- 
tions where  wash  is  rapid,  or  where  disintegration  proceeds  with 
unusual  slowness. 

Surface  Drai/riage.  While  there  are  numerous  small  xmdrained 
areas  occupied  by  wet  meadows,  sedge  marshes,  or  tamarack,  cedar, 
or  spruce  swamps,  these  are  confined  mainly  to  circumscribed  de- 
pressions in  a  gently  rolling  surface,  the  most  of  which  is  weU 
drained.  There  is  little  of  the  State  that  suffers  from  excessive 
flatness,  or  is  damaged  by  excessive  hilliness.  The  highest  utilixa- 
tion  of  the  marshes,  and  of  occasional  flats  and  bottom  lands,  will 
require  artificial  drainage,  and  the  protection  of  some  hillside  slopes 
against  wash  deserves  attention ;  but  for  the  greater  part,  nature  has 
herself  prepared  a  satisfactory  drainage  system. 

Underground  Drainage,  The  facility  with  which  subsoils  and 
underlying  strata  are  penetrated  by  water,  and  the  character  of  the 
underground  drainage,  are  not  unimportant  considerations.  If  the 
substratum  is  very  close  and  impervious,  underdrainage  will  be 
impeded,  resulting  in  injury  to  the  crops  in  very  wet  weather,  and 
the  rise  of  water  from  below,  in  dry  seasons,  will  be  retarded  to 
the  detriment  of  the  crops.  On  the  other  hand,  too  great  porosity 
permits  surface  waters  to  sink  away  too  readily,  and,  from  the 
coarseness  of  the  pores,  capillary  action  is  less  efficient  in  dry 
seasons.  These  qualities  also  affect  the  aeration  of  the  soil  —  an 
important  consideration.  A  medium  degree  of  porosity  is  most  to 
be  desired.  Wisconsin  soils  present  nearly  all  grades  of  porosity, 
as  do  also  the  subsoils  and  underlying  strata.  Some  of  the  sandy 
soils,  resting  on  the  Potsdam  sandstone,  suffer  from  too  great 
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porosity,  both  of  soil  and  substratum.  The  rainfall  is  quickly 
absorbed  and  passes  down  into  the  open  sandstone,  whence  it  is  led 
away  beneath  the  deeper  strata,  as  perhaps  best  explained  in  the 
chapter  on  artesian  wells  following.  On  the  other  hand,  some  of 
the  more  clayey  soils,  resting  upon  a  compact  drift  clay,  would  be 
better  for  a  less  impervious  bottom.  This,  however,  is  not  a  preva- 
lent case.  Few  Wisconsin  soils  are  very  objectionably  heavy,  or 
underlain  by  a  too  compact  base.  The  greater  portion  belong  to 
intermediate  classes,  consisting  of  medium  and  lighter  clayey  loams, 
and  the  finer  sandy  loams,  resting  upon  a  limestone,  or  mixed  drift 
base,  which  is  neither  excessively  porous,  on  the  one  hand,  nor  in- 
juriously impervious  on  the  other. 

The  character  of. the  underground  water  is  a  not  unimportant 
consideration.  In  dry  seasons,  when  the  surface  evaporation  greatly 
exceeds  the  rainfall,  water  is  brought  to  the  surface  by  capillary 
action,  and  evaporated,  leaving  in  the  soil  such  mineral  constituents 
as  it  contained.  An  inspection  of  the  analyses  of  natural  waters, 
given  on  pages  307  and  308  of  this  volume,  will  show  the  large  extent 
to  which  valuable  constituents  are  carried  by  the  deeper  waters. 
Nearly  all  the  underground  water  in  the  limestone  regions  of  the 
State,  and  these  embrace  by  far  the  larger  portion  now  under  culti- 
vation, contains  notable  quantities  of  lime,  magnesia,  potash,  soda, 
iron,  sulphur  and  frequently  phosphorus,  in  some  of  their  combina- 
tions. A  portion  of  the  surface  enrichment  which  is  observed  to 
be  the  result  of  protracted  drought,  is  to  be  attributed  to  the  draw- 
ing of  these  waters  to  the  surface,  and  their  evaporation  thence, 
leaving  their  mineral  content  in  the  upper  soiL 

Natural  Febtilizebs 

Peat.  Among  the  natural  fertilizers  of  Wisconsin,  peat  is  most 
abundant,  occurring  in  innumerable  deposits,  scattered  over  the  larger 
portion  of  the  State.  Some  account  of  the  method  of  formation 
and  character  of  these  deposits  may  be  found  in  Volume  11,  pp.  240- 
246.  By  reference  to  the  Soil  Map  of  the  Atlas,  it  will  be  seen 
that  its  distribution  renders  it  widely  and  conveniently  accessible. 
Its  leading  functions  as  a  fertilizer  are  the  following :  (1)  It  has  a 
remarkable  power  of  absorbing  and  retaining  moisture,  which  it 
may  imbibe  directly  from  the  vaporous  condition  in  the  atmosphere. 
This  property  makes  it  a  valuable  corrective  for  dry  soils.  (2)  It 
also  absorbs  ammonia  from  the  atmosphere,  and  thus  furnishes  it  to 
the  plants.  (3)  By  its  own  decay  it  generates  ammonia,  and  perhaps 
other  nitrogen  compoimds,  as  well  as  carbonio  acid.     (4)  By  its  de- 
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composition,  it  assists  in  the  disintegration  of  other  soil  constitu- 
ents. (5)  It  improves  the  texture  of  the  soil,  giving  greater 
compactness  to  porous,  sandy  soils,  and  less  adhesiveness  and  stiflf- 
ness  to  clay  soils.  (6)  Being  dark  in  color,  it  is  especially  fitted  to 
absorb  heat  from  the  sun,  and  thus  increase  the  temperature  of  the 
soil. 

Peat,  however,  does  not  give  a  quick  and  conspicuous  return. 
Indeed,  if  put  on  in  a  sour  condition,  it  may  be  temporarily  harm- 
ful. In  any  case  it  yields  its  products  slowly,  and  is  hence  less 
appreciated  than  fertilizers  that  give  a  more  ready  and  manifest 
response,  even  though  they  are  more  quickly  exhausted.  But  for 
sandy  soils  especially,  its  slowness  of  action  and  endurance  are 
desirable  qualities,  and  its  more  extensive  use  is  to  be  recommended. 
It  is  well  adapted  to  the  absorption  and  retention  of  the  more  valu- 
able portions  of  liquid  manure,  which  is  now  almost  universally 
allowed  to  run  to  waste. 

Shell  Marl.  Many  of  our  present  marshes  were  formerly  lake- 
lets, in  which  moUusks  and  other  forms  of  life  flourished.  Their 
shells  in  time  accumulated  in  considerable  quantities,  forming  layers 
of  shell  marl.  Beds  of  this  are  quite  common,  underlying  the  peat 
marshes,  several  of  which  will  be  found  described  in  these  reports. 
In  most  instances,  the  marl  is  mixed  with  peat  and  other  organic 
matter.  The  marl  itself  is  mainly  carbonate  of  lime,  and  is  serv- 
iceable for  those  lands  that  need  a  calcareous  fertilizer.  There  are 
usually  present  small  quantities  of  accessory  mineral  ingredients, 
including  sulphur,  potash  and  phosphorus,  that  add  to  its  value 
according  to  their  abundance.  Peaty  matter  is  mixed  in  varying 
proportions,  giving  rise  to  numerous  grades  of  peaty  marls  and 
marly  or  shelly  peat.  These  mixtures  are  especially  beneficial  for 
sandy  soils. 

Glauconite^  a  greensand,  occurs  in  considerable  quantities  in  the 
Potsdam  sandstone,  especially  in  certain  of  the  upper  layers.  It  is 
essentially  a  potash-iron  silicate,  and  its  value  as  a  fertilizer  arises 
from  the  first  named  constituent.  It  varies  much  in  composition, 
and,  in  the  Wisconsin  formations,  is  mixed  with  common  sand.  I 
am  not  aware  that  its  fertilizing  value  has  been  practically  tested, 
but  it  is  worthy  of  an  intelligent  trial.  The  true  glauconite  is,  how- 
ever, to  be  distinguished  from  mere  greenish  sand  which  is  common 
in  the  same  formation.  The  glauconite  is  dark  green,  opaque,  and 
somewhat  earthy,  while  the  green  sand  is  paler,  and  transparent  or 
translucent. 

Crypstim  (the  crude  material  of  "plaster")  occurs  in  small  quan- 
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tities  in  the  Hudson  Kiver  (Cincinnati)  shales,  bnt  is  scattered  through 
the  clayey  rock  in  too  small  quantities  to  be  utilized,  and  our  sup- 
plies of  this  material  must  be  imported  from  our  neighboring  states, 
Michigan,  Iowa,  and  elsewhere. 

Apatite^  a  phosphatic  mineral,  occurs  as  small  crystals  dissem- 
inatod  through  some  of  the  crystalline  rocks  of  the  northern  part  of 
the  State,  but  it  is  impracticable  to  utilize  it,  except  as  IK'ature  does 
so  by  the  slow  disintegration  of  the  rock. 

Of  Lime^  which  is  very  much  used  in  the  older  countries,  it  is 
unnecessary  to  remark  that  there  is  an  abundance,  widely  accessible 
and  cheaply  reduced.  Its  magnesian  character  is  held  to  be  an 
advantage,  since  magnesia  forms  a  larger  percentage  of  the  ash  of 
grains  and  fruits  than  does  lime,  while  the  opposite  is  true  of  the 
fiber  of  the  plants,  seeming  to  indicate  that  magnesia  is  especially 
concerned  in  fruit  and  grain  production,  and  lime  in  fiber-making. 
(See  Vol.  II,  pp.  197-8.) 

We  are  not  yet  arrived  at  that  stage  in  which  the  claymg  of 
sandy  soils,  or  the  opposite,  can  be  generally  carried  out  with  profit, 
but  there  are  special  instances  in  which  this  is  practicable  and 
advisable,  as  in  gardens  and  orchards.  In  sandy  districts,  clayey 
beds  not  infrequently  occur  in  the  depressions  where  the  finer 
material  of  muddy  waters  has  been  permitted  to  accumulate. 
Many  of  the  little  marshes  have  a  clayey  or  marly  bottom,  service- 
able for  such  purposes.  Where  shell  marl  and  peaty  material  is 
mixed  with  this,  an  additional  advantage  may  be  secured. 

Map  of  Soils.  There  are  few  natural  formations  more  difficult 
to  map  than  soils.  There  is  an  almost  infinite  gradation  of  varieties 
between  which  there  are  no  hard-and-fast  lines,  and  it  is  nearly  or 
quite  impossible  to  represent  these  gradations  on  a  map.  Moreover 
these  gradations  run  through  more  or  less  of  their  minor  changes 
on  almost  every  farm,  and  to  attempt  to  represent  these  for  the 
more  than  50,000  square  miles  of  land  embraced  within  the  limits  of 
Wisconsin  would  be  an  undertaking  of  no  small  magnitude,  and 
would  require  maps  of  very  large  scale  and  elaborate  execution,  and 
when  executed,  while  extremely  valuable  for  certain  uses,  the  very 
confusion  of  details  would  be  a  source  of  inconvenience  in  the  more 
general  studies. 

One  of  the  more  important  uses  of  a  soil  map  is  to  furnish  a  basis 
for  the  comparison  of  practical  results  infa/rming.  The  experience 
of  one  farmer  is  valuable  as  a  guide  to  another,  only  when  consid- 
ered in  connection  with  the  conditions  which  aflfeot  both  farms. 
Amon^  these  conditions,  the  nature  of  the  soil  is  an  important  one. 
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This  is  especially  trae  when  results  at  distant  points  are  compared, 
as  is  the  commendable  practice  at  State  Conventions,  and  through 
the  agency  of  agricultural  publications.  The  general  maps  of  Soils, 
Native  Vegetation,  Bainfall,  Temperature,  Topograjdiy,  Drift,  and 
General  Geology,  given  in  the  Atlas,  are  designed  to  constitute  a 
series  that  shall  form  a  basis  for  such  a  comparison.  By  their  use, 
it  is  hoped  that  some  of  the  errors  that  arise  from  inconsiderately 
following  the  practice  of  others,  without  regard  to  the  conditions 
that  determine  success  or  failure,  may  be  obviated,  and,  on  the  other 
hand,  some  valuable  general  deductions  be  made  from  a  rational 
comparison  of  experience. 


CHAPTER  YI. 

ARTESIAN   WELLS 

BT  T.  0.  CHAMBEBLnr. 

Note. —  For  special  descriptions  and  discussions  of  artesian  wells,  see  VoL  n, 
pp.  14^171  (Chamberlin);  VoL  m,  p.  88  (Irving);  VoL  IV,  pp.  67-62  (Strong). 

The  subject  of  flowing  wells  is  one  of  prime  importance  to  the 
people  of  Wisconsin.  On  the  one  hand,  many  thousand  dollars 
have  in  the  past  been  uselessly  expended  in  attempts  to  secure  foun- 
tains where  the  necessary  conditions  were  entirely  wanting;  and  on 
the  other,  very  great  possibilities  have  lain  unutilized,  to  the  great 
industrial  and  sanitary  loss  of  our  citizens.  It  is  the  purpose  of  this 
chapter  to  gather  into  a  convenient  form  such  serviceable  informa- 
tion as  may  be  capable  of  brief,  general  statement.  Special  descrip- 
tions and  discussions  may  be  found  imder  the  references  above  given, 
and  the  descriptive  volumes  of  the  report  will  furnish  the  data 
necessary  for  the  special  study  of  any  given  problem. 

To  obtain  a  simple  and  clear  idea  of  the  nature  of  most  of  our 
Wisconsin  artesian  wells,  picture  to  the  mind  an  open,  porous  stra- 
tum, through  which  water  can  readily  pass,  lying  between  two 
others  that  are  essentially  water-tight.  Suppose  these  beds  to  be 
moderately  inclined,  so  that  on  one  side  their  edges  come  to  the 
surface  (except  that  they  are  usually  covered  with  soil  and  other 
loose  surface  material),  and  that  on  the  other  they  dip  down  to  great 
depths,  and  either  come  up  again  to  the  surface  at  a  distant  point, 
or  else  terminate  in  such  a  way,  or  take  on  such  a  nature,  that  water 
cannot  escape  in  that  direction,  as  illustrated  in  the  accompanying 

FIG.  154. 


lOKAL  8BOTXON   nXUSTBATnO   TB«  HATDBB   OF  ABTB8IAN  WKLEiL     A  B,  a  pOrOUS .  Stiatlim  lying 

between  impenious  bed!.  C,  aporooi  layer  changing  below  Into  an  Impenriona  bed.  D,  a  porous 
stratum  terminating  below.   E,  F  and  (7,  fountains  derived  from  the  porous  strata. 

figure.    Now  picture  the  surface  waters  derived  from  rainfall  as 
penetrating  the  porous  bed  and  filling  it  to  the  brim.    That  all  such 
beds  are  full  to  within  a  comparatively  few  feet  of  the  surface,  we 
Vou  1—44 
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know  from  our  ordinary  welk,  which  find  an  inexhaostible  supply 
in  them  without  usually  going  below  the  main  valleys.  Now  it  is 
manifest  that  if  such  an  inclined  bed,  so  filled  with  water,  be  tapped 
at  some  lower  point  by  a  boring,  the  water  will  rise  and  flow  at  the 
surface  because  of  the  higher  head  in  the  upper  edge  of  the  bed, 
and  if  the  surface  waters  continually  supply  the  upper  edge  as  fast 
as  the  water  is  drawn  off  below,  the  flow  will  be  constant. 

From  this  simple  conception  we  may  draw  out  the  leading  condi- 
tions upon  which  artesian  flows  depend,  which  may  be  stated  as 
follows: 

1st.  There  must  be  a  stratum  sufficiently  porous  to  permit  a 
ready  entrance  and  flow  of  water  through  it. 

2d.  There  must  be  an  impervious  bed  below  to  prevent  escape  of 
water  downward. 

3d.  There  must  be  a  like  impervious  bed  above  to  prevent  escape 
upward,  for  the  water,  being  under  pressure  from  the  head,  wouhl 
otherwise  find  relief  in  that  direction. 

4th.  All  these  beds  must  form  a  basin,  or  at  least  be  inclined,  so 
that  the  edge  at  which  the  waters  enter  will  be  higher  than  the  sur- 
face at  the  well 

5th.  The  edge  of  the  porous  stratum  must  be  suitably  exposed  so 
as  to  take  in  a  sufficient  quantity  of  water  to  afford  an  adequate 
supply. 

6th.  To  furnish  this  supply,  there  must  be  an  adequate  rainfall. 

7th.  There  must  be  no  escape  for  the  water  at  a  lower  level  than 
the  surface  of  the  proposed  well. 

These  may  be  considered  severally,  and  we  may  then  pass  to  some 
of  the  special  practical  questions  involved. 

1.  The  Porous  Beds.  The  porous  stratum  in  Wisconsin  is  usually 
a  sandstone.  In  a  few  instances  flows  are  derived  from  limestone 
strata,  as  in  the  case  of  the  wells  at  Manitowoc.  In  such  cases  the 
water  has  probably  formed  underground  channels  by  solution  — 
"  veins  "  of  water  in  quite  an  appropriate  sense.  As  the  position  of 
these  cannot  be  determined  beforehand,  there  is  no  certainty  of 
striking  them,  and  hence  they  cannot  be  relied  upon  as  sources 
of  flow.  Experience  seems  to  show  that  the  chances  of  striking 
them  are  quite  small.  The  sandstone  beds,  on  the  contrary,  are  con- 
tinuous sheets  underspreading  large  areas,  and  may  almost  certainly 
be  struck  at  the  proper  depth.  They  are,  furthermore,  usually  so 
porous  that  there  is  little  liability  of  passing  through  them  without; 
encountering  at  least  a  moderate  supply  of  water,  where  other  con- 
ditions are  favorable.    The  St.  Peters  and  Potsdam  sandstones  are 
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our  great  water-bearing  strata.  The  latter  is  fortunately  divided 
into  three  separate  water-bearing  horizons  by  the  Mendota  limestone 
and  shales,  and  by  a  stratum  of  shale  lying  lower  down.  These  are 
not  always  present,  however,  but,  on  the  other  hand,  there  are,  at 
some  localities,  other  impervious  beds  that  serve  a  like  purpose. 

Besides  these  ancient  sandstones  there  are  porous  beds  of  sand 
and  gravel  in  the  drift  deposits  above  the  rock,  some  of  which  are 
available  as  sources  of  flow ;  but  these  are  local,  and  cannot  here  be 
well  treated,  and  our  discussion  will  be  confined  to  the  rock  beds 
which  alone  are  available  over  any  considerable  tract. 

2.  The  .Confining  Stratum  Bdow.  Usually  this  does  not  need  con- 
sideration, for  if  the  bed  next  below  any  given  porous  stratum  is 
not  water  tight,  some  lower  one  is,  and  manifestly  the  water  cannot 
sink  indefinitely  downward.  It  is  rarely  the  case  that  any  lower 
porous  bed  is  so  exposed  that  it  can  drain  a  higher  one,  yet  a  case 
of  the  kind  might  occur. 

Fio.  155. 
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DiAORAX  XLLC8TRATINO  THB  P088IBLX  MTtn'S  OF  A  DEFBCnVK  OOlOnNIKO  8TBATUX.  In  the  an- 
nex^ diagram,  C,  B  and  O  represent  Impervious  strata,  and  A  and  D  porous  beds  interstratifled 
betWeen  them.  It  is  manifest  Uiat  if  the  stratum  B  is  perfect,  a  flow  may  be  derived  from  the 
bed  A  at  any  point  under  the  line  F;  but  if  the  stratum  B  is  broken  at  any  point,  as  at  X,  the  bed 
A  would  be  drained  through  the  porous  stratum  D,  as  indicated  by  the  arrows,  and  no  flow  could 
be  secured  at  F. 

3.  The  Confinmg  Strat/wm  Above.  It  is  much  more  important  to 
give  careful  attention  to  the  strata  that  overlie  the  water-bearing 
bed  than  to  those  below,  for  the  water,  being  under  pressure,  tends 
to  rise  through  them,  and  if  they  are  in  any  degree  penetrable,  the 
water  will,  to  that  extent,  escape  and  relieve  the  pressure  and 
reduce  or  prevent  the  flow.  Our  most  nearly  impervious  rocks  are 
clay  shales,  such  as  those  of  the  Hudson  River  formation.  Our 
limestones,  where  they  are  present  in  considerable  thickness,  serve 
as  reasonably  good  confining  beds.  No  rock  is,  however,  entirely 
impenetrable  to  water,  and  the  question  of  the  amount  to  be 
allowed  for  leakage  is  an  important  one  in  many  cases  where  con- 
ditions are  closely  balanced.  It  thus  becomes  apparent  that  the 
character  of  the  strata  overlying  the  water-bearing  bed  between 
the  proposed  well  and  the  fountain-head  needs  to  be  considered.  If 
they  are  thick  and  compact,  the  leakage  will  be  smalL  If  other- 
wise,  it  may  be  large. 
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There  is  another  element  to  be  recognized  here,  that  has  never,  so 
far  as  I  know,  found  place  in  discussions  of  the  subject,  viz. :  the 
height  of  the  common  underground  waier-vurfdce  hetween  the  proposed 
well  and  the  foantaimrhead.    Everyone  who  has  given  any  thought 
to  the  subject  is  familiar  with  the  fact  that  the  surface  of  the  under- 
ground water,  as  shown  by  wells,  stands  at  varying  heights.    It  is 
almost  invariably  higher  than  the  adjacent  streams,  though  when 
the  substratum  is  sand  or  gravel,  the  difference  is  usually  slight    In 
general,  the  surface  of  the  underground  water  rises  and  falls  some- 
what as  the  land  surface  does,  only  less  in  amount,  L  a,  the  water 
stands  higher  under  ridges  and  sweUs  of  land  than  under  valleys, 
though  of  course  usually  farther  from  the  surface.    Now,  if  the 
underground  water  between  the  proposed  well  and  the  fountain- 
head  stands  as  high  as  the  latter,  as  may  be  the  case  (except  at  and 
near  the  well,  where,  of  course,  the  surface  must  be  lower),  there 
\oill  he  no  leakage^  not  even  if  the  strata  be  somewhat  porous,  for  the 
underground  water  presses  down  as  much  as  the  fountain-head  causes 
that  of  the  porous  bed  to  press  up,  since  both  have  the  same  height. 
Under  these  conditions  a  flow  may  sometimes  be  obtained  where  it 
would  be  impossible  if  the  intermediate  water  level  were  lower. 

If  the  water  between  the  well  and  fountain-head  is  actually  higher 
than  the  latter,  it  will  tend  to  penetrate  the  water-bearing  stratum, 
so  far  as  the  overlying  beds  permit,  and  will,  to  that  extent,  increase 
the  supply  of  water  seeking  passage  through  the  porous  bed,  and 
will,  by  reaction,  tend  to  elevate  the  fountain-head,  if  the  situation 
permit;  but  the  effect  of  this  is  altogether  trivial 

If,  on  the  other  hand,  the  underground  water-surface  between  the 
proposed  well  and  the  source  of  supply  is  much  lower  than  the 
fountain-head,  there  will  be  considerable  leakage,  unless  the  confin- 
ing beds  are  very  close  textured,  and  free  from  fissures.  For  ex- 
ample, if  it  be  100  feet  lower,  there  will  be  a  theoretical  pressure  of 
nearly  three  atmospheres,  or  about  45  pounds  to  the  square  inch, 
upward,  greater  than  that  of  the  underground  water  downward, 
and  this  will  be  competent  to  cause  more  or  less  penetration  of  the 
water  upward  through  the  pores  and  crevices  of  the  rocks,  and 
consequent  loss  of  head  and  forcing  power. 

This  may  be  illustrated  by  the  accompanying  profile,  in  which  A 
represents  a  porous  stratum  inclosed  between  the  impervious  beds  B 
and  G.  The  source  of  water-supply  is  at  J.,  and  the  proposed  well 
at  F,  Let  E  be  supposed  to  represent  the  surface  of  the  grountl 
(and,  for  convenience,  also  the  surface  of  the  common  ground  water) 
in  one  of  the  two  supposed  cases,  and  D  the  surface  in  the  other 
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The  arrow  springing  from  the  surface  ^represents  the  upward  tend- 
ency of  the  water  in  the  porous  bed  owing  to  pressure  from  the  foun- 
tain-head, while  the  arrow  depending  from  the  line  Z>  represents  the 
downward  pressure  of  the  ground  water  whose  surface  is  represented 

FlQ.  156. 


by  D,  and  is,  it  will  be  observed,  more  than  equivalent  to  the  up 
ward  tendency  due  to  pressure  from  the  fountain-head.  A  flow  at 
7^  could  very  safely  be  predicted  if  the  surface  were  as  represented 
by  Dj  while  it  might  be  doubtful  whether  one  could  be  secured  if 
the  surface  were  as  represented  by  K 

My  attention  was  first  directed  to  this  consideration  hy  observing 
that  where  the  intermediate  country  was  elevated  and  had  a  high- 
water-level,  wells  flowed  at  heights  surprisingly  near  theoretical 
estimates,  almost  no  deduction  for  obstruction  and  leakage  being  nec- 
essary, whereas  in  those  cases  where  the  opposite  is  true,  there  is  a 
very  considerable  falling  short  of  theoretical  estimates. 

4.  The  Inclination  of  the  Beds.  The  water-bearing  bed  and  the 
confining  strata  above  and  below  must  be  inclined  so  that  the  edge 
that  comes  to  the  surface  shall  be  higher  than  the  portion  under  the 
proposed  well,  else  there  could  be  no  elevated  source  of  supply  for 
the  flow.  The  ideal  conditions  are  furnished  when  the  strata  sag 
in  the  center  with  upturned  edges  so  as  to  form  a  basin.  The  water 
then  enters  the  edges  of  the  porous  stratum  and  fills  it  up  to  the 
level  of  surface  drainage  at  its  edges.  If,  now,  this  be  penetrated 
somewhere  toward  the  center  of  the  basin,  at  a  point  lower  than 
the  edges  of  the  strata,  the  water  will  rise  to  the  surface. 

But  it  is  not  really  necessary  that  the  beds  form  a  basin.  If  they 
are  inclined  so  as  to  expose  their  edges  on  one  side,  and  if  the  por- 
ous bed  is  blocked  up  by  any  means  in  the  other  direction,  so  that 
the  water  cannot  escape,  a  flow  may  be  obtained  without  regard  to 
what  may  be  the  position  of  the  opposite  edge.  It  is  highly  prob- 
able that  our  sandstone  beds  as  they  pass  oflf  from  the  old  shore  belt 
along  which  they  were  formed  into  what  was  then  the  deeper  part 
of  the  ocean,  gradually  change  from  coarse  open  sandstone  to  fine- 
grained rock,  clay,  shale,  and  possibly  limestone,  and  so  cease  to  be 
readily  permeable  to  water. 

Practically,  in  Wisconsin,  we  have  to  deal  only  with  such  inclined 
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strata.  Our  beds  dip  eastward,  southward  and  westward  from  the 
Archaean  core  and  central  axis  of  the  State,  as  explained  in  the  His- 
torical Geology,  and  only  reappear  at  distant  points,  as  in  Canada, 
the  Allegbanies,  Missouri,  or  the  Eocky  Mountains.  But  it  is 
scarcely  probable  that  our  sandstone  strata  continue  as  open  porous 
beds  throughout  such  an  extent,  unless  perhaps  in  the  case  of  the 
Potsdam  sandstone.  However  that  may  be,  experience  shows  that 
we  may  safely  neglect  the  opposite  side  of  the  basin,  and  consider 
the  problems  presented  as  if  the  porous  beds  became  impermeable 
somewhere  in  their  downward  extension. 

The  height  of  the  outcropping  edge  of  the  water-bearing  stratum 
is  a  consideration  of  the  first  importance.  This  edge  must  be  suffi- 
ciently elevated  so  that  when  the  stratum  is  filled  with  water  it 
will  stand  high  enough  above  the  site  of  the  proposed  well  to  force 
an  efficient  flow,  after  deduction  is  made  for  leakage  and  the  ob- 
struction and  friction  of  the  sandstone.  How  much  higher  than 
the  well  it  must  be  is  a  practical  rather  than  a  theoretical  question, 
and  depends  much  on  the  character  of  the  confining  strata,  and  the 
underground  water-surface  between  the  well  and  the  edge  of  the 
water-bearing  beds,  as  previously  explained,  and  upon  the  distance 
from  the  well  to  the  source  of  supply.  From  the  data  furnished  by 
Wisconsin  weUs,  it  would  seem  to  be  a  general  rule  that  the  loss  of 
efficient  force  from  the  fountain-head  is  about  equal  to  one  foot  |>er 
mile;  or,  in  other  words,  that  the  source  should  be  as  many  feet 
higher  than  the  well  as  the  two  are  miles  apart,  in  order  to  give  a 
flow  at  the  sui'face.  A  higher  elevation  is  necessary  to  give  forcL* 
to  the  flow.  Such  a  general  estimate  must,  of  course,  be  modificil 
to  suit  the  special  conditions  of  any  given  proposed  well. 

5.  The  Beservoirj  or  Fountain-head,  It  is  often  convenient  to  speak 
of  the  source  of  the  supply  as  the  reservoir.  But  an  erroneous  in»- 
pression  is  quite  likely  to  arise  from  the  use  of  the  term.  It  is  quit j 
common  to  think  of  the  reservoir  as  a  surface  lake,  or  as  an  under 
ground  cavernous  cistern,  as  it  were.  These  are  incorrect  impi-es- 
sions.  A  surface  lake  is  an  extremely  improbable  source  of  an 
intesian  flow.  Lakes  usually  owe  their  existence  to  the  fact  thai 
they  have  impervious  hoUoinSy  which  prevent  the  water  from  flow- 
ing away  beneath,  and  that  very  fact  prevents  them  from  being 
sources  of  supply  for  flowing  wells.  The  reservoir  is  simply  the 
water  contained  in  the  porous  stratum  above  the  level  of  the  point 
of  flow,  or,  in  other  words,  the  water  in  the  elevated  marginal  iK>r- 
lion  of  the  water-tilled  stratum.  To  illustrate,  if  a  piece  of  lead 
tube  be  inclined,  and  filled  with  sand  (the  lower  end  being  closed), 
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and  then  water  be  poured  in  until  the  sand  is  completely  saturated, 
a  miniature  flowing  well  may  be  formed  by  drilling  a  small  hole 
near  the  lower  end.  The  water  in  the  sand  will  run  out,  and  if  re- 
newed at  the  upper  end,  the  flow  will  be  continuous.  This  would 
be  analogous  to  an  artesian  well,  save  that  here  there  is  a  cylinder 
of  water-filled  sand,  instead  of  a  sheet.  Now  the  reservoir,  in  this 
case,  is  the  water  in  the  sand  in  the  upper  part  of  the  tube.  In  like 
manner,  in  artesian  wells  the  reservoir,  so-called,  or  the  fountain- 
head,  is  tlie  water  contained  m  the  elevated  edge  of  the  porous 
stratum.  This  is  supplied  by  the  surface  rainfall,  and  this  leads  us 
to  tbe  consideration  of  two  additional  topics,  (1)  the  collecting  area, 
and  (2)  the  rainfall. 

6.  The  Collecting  Area.  If  the  porous  bed  is  thin,  and  comes  to 
the  surface  at  a  considerable  angle,  its  edge  will  not  occupy  much 
area  at  the  surface,  and  will,  consequently,  not  receive  a  large  supply 
of  water  from  rainfall,  and  cannot  be  depended  upon  to  deliver  large 
quantities.  On  the  other  hand,  if  the  thickness  is  considerable, 
and  if  the  stratum  comes  to  the  surface  at  a  low  angle,  so  that  its 
beveled  edge  is  wide,  it  will  have  a  considerable  extension  at  the 
surface,  and  will  consequently  present  a  large  collecting  area,  and, 
so  far  as  that  condition  is  concerned,  will  be  competent  to  deliver  a 
large  supply  of  water.  The  Potsdam  sandstone  of  our  State  has  a 
very  large  surface  extent  on  the  central  arch  of  the  State,  and  it  is  ex- 
ceptionally well  situated  for  receiving  into  itself  an  enormous  supply 
of  water.  Hence  any  well  so  situated  as  to  draw  upon  this  supply 
will  not  lack  for  a  sufficient  accumulation  at  the  fountain-head.  If 
it  fails,  it  will  be  for  other  reasons.  The  St.  Peters  sandstone  is 
much  thinner  and  occupies  less  space  at  the  surface,  but  with  our 
moderately  large  rainfall  it  takes  in  a  very  considerable  supply,  one 
which  is  adequate  for  all  ordinary  purposes. 

7.  Rainfall,  With  an  average  precipitation  of  about  thirty 
inches  per  annum,  fairly  well  distributed  throughout  the  year,  the 
strata  are  kept  full  to  overflowing,  as  the  surplus  that  finds  its  way 
out  to  the  surface  in  springs,  or  through  porous  soil,  testifies,  as  do 
also  ordinary  wells  in  the  collecting  area.  In  our  region,  it  is  safe 
to  assume  an  adequate  atmospheric  supply.  In  the  somewhat  arid 
western  regions,  this  element  of  the  problem  becomes  a  more  serious 
one. 

8.  Escape  at  Lower  Leeds,  It  is  clear  that  if  the  strata  be  pierced 
(naturally  or  artificially)  at  a  point  lower  than  the  surface  of  the 
well,  the  water  may  find  relief  from  pressure  by  escaping  there,  and 
fail  to  flow  from  the  welL    This  is  not  often  a  source  of  failure,  but 
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The  St.  Peters  saDdstone  is  perhaps,  on  the  average,  aboot  80  feet 
thick,  and  is  asaally  very  porous,  so  that  it  is  competent  to  famish 
passage  for  a  very  considerable  supply,  but  it  must  not  be  too  much 
relied  upon  where  an  exceptional  quantity  is  desired  at  a  great  dis- 
tance from  the  source,  especially  if  the  difference  in  elevation  is  not 
great.  The  quantity  it  does  supply  in  some  cases,  however,  is 
surprisingly  great. 

A  second  condition  of  delivery  relates  to  the  well  itself.  It  is 
clear  that  if  the  well  merely  touches  the  upper  portion  of  the  sand- 
stone, only  a  small  quantity  can  flow  in  through  the  porous  rock 
into  the  extremity  of  the  bore.  If,  on  the  other  hand,  the  well  pen- 
etrates the  formation  deeply,  the  water  can  run  in  all  along  its  sides, 
and  though  the  inflow  at  any  one  point  may  be  moderate,  the  total 
amount  from  the  large  surface  presented  by  the  sides  of  the  bore 
may  be  great.  When  necessary,  the  surface  may  be  increased  by 
firing  an  explosive  in  the  bore  within  the  water-bearing  bed.  Thii. 
has  the  advantage  of  Assuring  and  loosening  the  rock  for  consider 


V 


ARTESIAN  WELLS.  697 

able  distances  about  the  welL  This  method  is  extensively  practiced 
in  the  oil  wells  of  Pennsylvania  and  elsewhere  to  promote  an 
inflow. 

Height  of  Flow.  Theoretically,  the  water  will  rise  at  the  well  to 
the  same  height  as  the  fountain-head,  and  will  flow  at  any  height  be- 
low that.  But  the  obstruction  offered  by  the  rock,  and  the  leakage 
of  the  confining  strata,  are  important  factors,  and  often  considerably 
reduce  the  height  at  which  a  flow  of  any  serviceable  amount  can  be 
secured.  As  before  stated,  an  allowance  of  about  one  foot  for  every 
mile  between  the  collecting  area,  or  fountain-head,  and  the  site  of 
the  well,  may  be  stated  as  a  general  estimate  for  our  region,  subject 
to  considerable  modification  in  special  situations. 

Areas  in  which  Success  is  Probable.  The  height  of  the  out- 
cropping edges  of  the  Potsdam  and  St.  Peters  sandstone  having 
been  ascertained  by  the  Survey,  it  is  possible  to  map  the  State  off, 
as  it  were,  into  districts  (1)  in  which  the  probabilities  of  securing 
flowing  wells  are  sufficiently  great  to  justify  the  attempt  to  secure 
them,  and  (2)  into  others  in  which  the  probabilities  are  so  small  as 
to  make  the  expenditure  of  time  and  means  in  such  attempts 
altogether  unjustifiable.  Between  these  are  regions  in  which  the 
favorable  and  unfavorable  conditions  are  nearly  balanced,  and  no 
very  decided  opinion  as  to  the  result  can  be  expressed  beforehand, 
because  a  sufficiently  exact  knowledge  of  all  the  conditions  cannot 
be  secured. 

The  areas  of  favorable  probabilities  are  as  follows :  1st,  a  belt 
along  Lake  Michigan.  In  Vol.  II,  the  following  opinion  was  ex- 
pressed (p.  168):  "Near  the  Lake  level  the  chances  will  be  good  for 
the  whole  of  the  Lake  border.  From  Manitowoc  county  southward, 
they  may  be  said  to  hold  good  for  elevations  not  exceeding  100  feet 
above  the  lake,  to  be  fair  up  to  140  feet,  and  but  slight  above  150 
feet,  though  perhaps  possible  in  some  locations  at  200  feet  or  more." 

2d.  "The  second  area  consists  of  the  Green  Bay  valley,  from 
Fond  du  Lac  northward.  In  the  vicinity  of  Lake  "Winnebago,  a 
flow  from  either  the  St.  Peters  or  Potsdam  sandstones  cannot  be 
relied  on  at  an  elevation  exceeding  15  feet  above  the  lake  surface, 
though  Mr.  Wild's  well  has  demonstrated  that  it  is  possible  at  50 
feet.  On  the  other  hand,  however,  the  wells  at  Oshkosh  show  that 
the  limit  given  is  the  extreme  one  that  is  reasonably  trustworthy. 
To  the  north  of  Lake  Winnebago  the  limit  in  altitude  descends  at 
about  the  same  rate  as  the  general  surface  of  the  valley.  It  must 
be  remembered,  however,  that  the  St.  Peters  sandstone  is  not  so 
reliable  in  this  region  as  farther  south,  where  its  thickness  is  more 
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uniform.  The  Potsdam  should,  however,  present  reasonable  proba- 
bilities for  the  region  along  the  bay,  at  elevations  not  exceeding 
25  or  30  feet  above  its  surface,  with  slight  chances  for  greater 
altitudes." 

3d.  "  The  third  district  lies  in  the  vallev  of  Bock  river.  An  ele- 
vation  of  250  feet  may  be  taken  as  the  upper  limit  of  favorable 
chances.  That  a  flow  at  this  altitude  is  attainable  is  shown  by  the 
wells  at  Watertown,  Palmyra  and  Janes ville.  The  St.  Peters  sand- 
stone is  available  for  only  a  portion  of  the  area  that  falls  below  that 
altitude,  since,  in  some  parts  of  it,  this  formation  is  deeply  eroded 
by  the  streams,  and  its  fountain-forming  possibilities  destroyed. 
Success  in  these  portions  will  be  chiefly  dependent  on  the  Potsdam 
sandstone." 

4th.  The  fourth  district  lies  along  the  Mississippi  river.  In  the 
southwestern  part  of  the  State  the  probabilities  are  fair  for  success 
at  elevations  not  more  than  100  feet  above  Lake  Michigan.  (The 
elevation  of  the  Mississippi  is  here  nearly  the  same  as  that  of  Lake 
Michigan.)  The  deep  valleys  of  the  streams  in  this  region  have 
cut  extensively  into  the  confining  strata  above,  and  have  made  suc- 
cess less  certain  than  on  the  eastern  margin  of  the  State.  Were  it 
not  for  this,  flows  could  probably  be  obtained  up  to  200  feet,  and 
even  higher,  and  such  are  even  now  locally  secured,  as  at  Sparta. 
But  success  at  such  elevations  cannot  be  relied  upon  unless  the  local 
conditions  are  exceptionally  favorable.  Even  within  100  feet  of  the 
Lake  level,  partial  or  total  failure  has  been  experienced,  apparently 
through  local  defects  in  the  confining  stratum  above  the  water- 
bearing beds. 

Farther  up  along  the  Mississippi  the  probabilities  are  less,  and 
attempts  to  secure  flows  are  not  generally  to  be  encouraged.  At 
low  elevations  some  success  may  be  expected,  but  the  special  situa- 
tion should  be  carefully  considered  in  each  case  attempted. 

5th.  In  the  sandstone  along  the  shore  of  Lake  Superior  it  is  not 
impossible  that  occasional  success  raa}''  be  met  with. 

Doubtful  Regions,  In  belts  bordering  th?se  areas,  at  elevations 
25  to  50  feet  higher,  occasional  success  may  be  expected,  but  the 
probabilities  are  poor,  and  attempts  should  be  made,  if  made  at  all, 
with  this  distinctly  in  mind. 

Drift  Wells.  The  foregoing,  as  previously  indicated,  relates  to 
wells  in  the  rock  beds.  There  is  quite  a  large  class  of  wells  that 
derive  their  flow  from  the  drift  and  depend  for  their  existence  upon 
beds  of  sand  or  gravel  sandwiched  between  those  of  clay,  or  be- 
tween clay  and  the  rock  below.    These  are  local,  and  cannot  well 
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be  treated  here.  A  considerable  number  of  them  have  been  de- 
scribed in  Vol.  II,  to  which  reference  may  be  made.  They  are 
cheaply  obtained  and  are  very  serviceable.  These  are  not  confined 
to  the  districts  above  indicated,  and  are  quite  independent  of  the 
conditions  to  which  the  deeper  class  of  wells  owe  their  origin. 

Areas  of  Adverse  Prdbabilities.  In  all  the  higher  regions  of  the 
State,  the  general  conditions  are  so  adverse  as  to  make  any  attempt 
to  secure  a  flow  altogether  injudicious,  unless  there  are  known  to  be 
special  local  conditions  that  are  favorable,  which  are  very  rare,  ex- 
cept, of  course,  in  the  drift.  As  a  general  rule,  no  attempt  should 
be  made  at  an  elevation  of  more  than  300  feet  above  Lake  Michi- 
gan, unless  exceptionally  favorable  conditions  are  known  to  exist. 
Indeed,  there  is  no  general^  ground  for  encouragement  above  250 
feet.  The  situation  of  the  proposed  well  ought  always  to  be  consid- 
ered, even  though  the  elevation  be  less  than  this. 

Limit  in  Depth.  There  is  a  popular  impression  that  the  deeper 
the  well  is  sunk  the  greater  the  chances,  and  a  vague  impression  is 
gained  that  sumcient  depth  would  bring  success  anywhere.  This  is 
altogether  fallacious.  The  formations  below  the  Potsdam  sandstone 
are  quite  unfavorable,  and  both  reason  and  experience  forbid  any 
attempt  to  penetrate  them.  No  flow  has  ever  been  secured  from 
them,  though  repeatedly  attempted.  Our  State  (previous  to  the 
survey)  needlessly  spent  considerable  sums  in  such  attempts,  and 
would,  perhaps,  have  repeated  the  mistake  since,  but  for  advice  to 
the  contrary.  If  the  figures  given  are  correct,  an  amount  was  ex- 
pended in  a  single  attempt,  after  all  reasonable  chances  had  been 
exhausted,  more  than  equal  to  the  entire  expense  of  the  geological 
field-work  on  an  area  of  4,000  square  miles  about  it. 

When  the  Archaean  rocks  are  struck,  all  work  should  cease.  Be- 
low that  point  the  drilling  is  very  hard  and  expensive,  and  the 
probabilities  of  flow  almost  zero.  It  cannot  be  said  to  be  impossi- 
ble to  secure  a  flow,  but  it  is  altogether  too  unlikely  to  warrant  any 
further  work.  In  making  contracts  for  drilling,  a  stipulation  that 
the  work  shall  cease  when  the  Archaean  rocks  are  struck  will  be  in 
the  interest  of  both  parties.  Such  a  stipulation  is  now  commonly 
inserted  in  contracts  by  some  of  our  drillers,  acting  upon  advice, 
and  some  useless  expenditure  has  thereby  been  saved. 

Down  to  the  base  of  the  Potsdam  sandstone,  the  amount  and 
height  of  flow  usually  increase,  and,  as  before  indicated,  the  increase 
in  the  surface  of  the  bore  increases  the  facilities  for  the  inflow  of 
water  into  the  w^ell.  There  are,  however,  some  special  cases  where 
the  chances  of  securing  a  flow  at  some  higher  elevation  are  greater 
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than  those  below,  and  it  is  even  possible  to  lose  a  flow  by  going 
deeper;  but  this  is  rare.  In  general,  it  is  advisable  to  go  down  to 
the  base  of  the  Potsdam  sandstone,  unless  a  sufficient  supply  is 
sooner  obtained. 

Detection  of  a  Flow.  It  is  a  matter  of  some  practical  conse- 
quence to  know  when  a  stream  is  struck  that  may  give  a  surface 
flow  when  put  under  proper  control  The  water  does  not  always 
rise  and  overflow  without  such  control  It  may  merely  rise  part 
way,  and  flow  off  laterally  through  the  upper  strata.  In  such 
instances  there  is  usually  a  rise  of  water  in  the  well,  but  even  this 
is  not  always  the  casa  But  in  any  instance  of  a  strong  flow,  the 
drillings  are  apt  to  be  carried  away,  and  when  the  sand  pump  fails 
to  bring  these  up,  there  is  good  reason  to  believe  that  a  strong  stream 
has  been  struck,  and  the  proper  tests  should  be  made.  Some 
influence  on  the  action  of  the  drill  rods  is  also  liable  to  be  felt. 
Tests  should  usually  be  made  when  such  indications  appear,  unless 
it  is  desired  to  prove  the  full  capacity  of  the  stratum  without  regard 
to  the  amount  of  such  partial  flow. 

Testmg  a  JPlow,  To  test  a  flow  it  is  merely  necessary  to  shut  off 
any  side  leakage  in  the  strata  above  the  water-bearing  bed.  This 
may  be  done  by  inserting  a  tube  (gas-pipe)  nearly  down  to  the  water- 
bearing stratum,  with  suitable  packing  near  its  lower  extremity.  A 
simple  method  frequently  employed  is  known  as  the  "seed- 
TiQ.  157.    i^g^g  5>  ^g^     ^  stout  leather  bag  is  made  in  the  form  of  a 


^ 


s 

i 
I 

V- 
-XI 

■Li 


V 


cylinder  of  the  size  of  the  well  bore.      The  pipe  is  run 

5  through  this,  and  the  lower  end  of  the  bag  securely  fast- 

6  ened  about  the  pipe.     It  is  then  filled  with  dried  seed 
.    (usually  flax-seed),  and  the  upper  end  securely  closed  around 

^  the  tube,  when  it  is  lowered  into  the  well,  and  the  seed 
:  allowed  to  swell  by  absorbing  water.  This  enlarges  the 
^1  bag  so  as  to  tightly  fit  tlie  bore,  and  shut  off  all  water  from 
*S^  rising  except  through  the  pipe.  The  latter  can  be  ex- 
•  tended  above  the  surface  so  as  to  determine  how  high  the 
Skkd-bao  water  will  rise,  or  that  may  be  determined  by  a  pressure 
^^^*  g^^g^-  Instead  of  the  seed-bag,  rubber  discs,  like  the 
"  washers  "  of  a  carriage,  may  be  fitted  about  a  section  of  the  pipe, 
so  adjusted  that,  after  being  put  down,  they  can  be  screwed  together, 
and  so  caused  to  expand  laterally,  and  fill  the  bore.  This,  for  per- 
manent packing,  is  considered  much  better  than  the  other  method. 
Persons  desiring  only  a  moderate  flow  will  do  well  to  contract 
that  satisfactory  tests  be  made  when  reasonable  indications  that 
a  competent  stream  has  been  struck  first  present  themselves,  as  the 
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expense  of  sinking  deeper  may  thus  be  saved.    Indeed,  it  is  wise  to 
do  this  in  any  case. 

Special  Study.  It  is  always  best  to  make  a  special  study  of  any 
proposed  well  in  a  locality  not  previously  proven.  There  may  be 
local  conditions  that  will  determme  success  or  failure,  independently 
of  the  general  rules  here  laid  down.  The  volumes  of  the  report 
give  quite  ample  data  for  determining  the  character  and  dip  of  the 
strata  and  the  elevation  at  any  point,  as  well  as  other  necessary 
data  for  such  a  study. 


APPENDIX. 


THE  GEODETIC  SURVEY. 


By  virtue  of  the  prosecution  of  a  geological  survey  by  the  State, 
and  in  response  to  a  request  from  the  first  Director,  the  United 
States  Coast  and  Geodetic  Survey  has  commenced  a  system  of  trian- 
gulation  of  the  State  under  the  charge  of  Professor  J.  E.  Davies  of 
the  State  University.  A  brief  sketch  of  the  cha]:acter  and  methods 
of  this  survey  is  given  in  Volume  IV.  One  of  its  leading  objects 
is  to  furnish  almost  absolutely  exact  determinations  of  the  positions 
of  the  principal  points  in  the  State,  and  of  the  distances  between 
them,  and  thus  to  furnish  a  reliable  basis  for  more  accurate  land  and 
linear  surveys,  which  the  continued  appreciation  of  property  will 
render  important.  As  a  matter  of  general  interest  a  sketch  map 
showing  the  progress  of  this  work  is  here  given. 
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Abbreviations  of  mineralogical  names, 

86. 
Acadian  formation,  116, 148,  208. 
Acanthotensis  antiquus,  284. 
Accessory  minerals,  26,  87,  74,  90. 
Acidic  compounds,  7. 

rocks,  19,  20,  54,  55,  56,  246,  840. 
Acidity  of  early  ocean,  60. 
Acid  rocks,  oriein  of,  68. 
Actinoceras  Beloitense,  159. 
Actinolite,  14,  823. 

schist,  855. 
Adirondack  region,  Archaean  rocks  of, 

62. 
.<3Solian  rocks,  16. 
.^chna  eximia,  288. 
Agassiz,  268. 
Aglaspis,  131. 

Barrandi,  181. 

Eatoni,  130,  181. 
Agnostus,  181. 

Josepha,  181. 
Agraulos,  181. 

Woosteri,  181. 
Agricultural  epoch,  800. 
Albite,  25,  827. 
Alethopteris  Massilonis,  216. 
Alkalies,  7. 
Alkaline  earths,  7. 
Alps,  246. 
Alluvium,  17. 
Alumina,  6,  7,  88. 
Alumina  with  iron  ores,  629. 
Ambonychia,  155. 

attenuata,  156. 

lamellosa,  156. 

radiata,  174. 
American  flycatchers,  557-563, 

magpie,  554. 

redstart,  509. 

warblers,  498-510. 
Ammonites  chicoensis,  285. 

Humphreysianus,  232. 

Jason,  282. 

Margaritanus,  282. 

lornatus,  281. 
Amorphous  rocks,  20. 
Amphibamus  grandicepe,  219. 
Amphibians,  220,  226. 

of  Wisconsin,  list  of,  425-6. 
Amphibole,  14,  822-4. 
Amphibolite  schist,  854-^5. 


Amplexus,  189. 

Amygdalocystites  florealis,  154 
Amygdaloid,  848. 
Amygdaloidal  rocks,  27,  97,  107. 
Amygdules,  false,  107. 
Analcite,  838. 
Analyses,  chemical,  808-8,  627-8. 

of  iron  ores  of  Wisconsin,  627. 
Michigan,  628. 
Anchitherium,  2^-8. 
Ancient  river  channels,  258. 
Ancyloceras  Matheronianum,  235. 
Andalusite,  7,  101,  882. 
Andes,  246. 
Andesite,  25,  246. 
Angiosperms,  282. 
Anglesite,  887. 
Annelids,  Potsdam,  127-8. 

St  Peters,  147. 

Trenton,  159. 
Anorthite,  25,  49,  827-381. 
ADthrapalsemon  gracilis,  219. 
Anticlines,  44. 
I  Anticosti  gi*oup,  179. 
J  Apatite,  886. 

as  a  fertilizer,  687. 
Aphanite,  88. 
Apiocystites  imago,  191. 
Apophyllite,  838. 
Appalachian  revolution,  220. 

effects  of,  228. 

sediments,  thickness  of,  221. 
Apx)enines,  246. 
Appleton  iron  furnace,  614. 
Aqueous  rocks,  15,  16. 
Aquo-igneous  rocks,  15,  10. 
Araucarites  gracilis,  218. 
Archsean  era,  64-118. 

Huronian  period,  80-95. 

Keweenawan  period.  95-118. 

Laurentian  age,  64r-79. 
Archeean  Lands.  61-3. 

mountains,  77. 
Archsegosaurus,  218. 
Archeeocidaris  Shumardana,  219. 

Wortheni,  219. 
Archseopteryx  macrura,  228. 
Arching  of  strata,  174. 
Arenicolites,  127. 147. 
Argillaceous  rocks,  19. 
Ar^Uites,  22. 
Anonellus,  181. 

convexus,  180. 
Arkansas,  Archaean  rocks  in,  62. 
Army  worm,  454. 
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Anenopyrite,  314. 
Artesian  WeUs,  68»-701. 

analyses  of  waters  from,  808. 

areas  favorable  for,  697. 

conditions  requisite  to,  690-6. 

depth  of,  699. 

detection  of  flow  in  boring,  700. 

effect  of  rainfall,  695. 

height  of  flow,  687. 

in  Archeean  rocks,  699. 

in  drift,  698. 

at  La  Crosse,  258. 

at  Prairie  du  Chien,  258. 

rate  of  delivery,  696. 

reservoir  of,  694. 

testing  a  flow,  700. 
Artificial  drainage,  484. 
Asaphns  gigas,  160. 

BllS88,  160. 

Assorting  action  of  water,  69. 
Asterophillites  latif olia,  204. 
Astrocerium,  189. 
Athyrifl  subtilita,  219. 
Atlantic  border,  eruptions  of,  56,  57. 
Atlantosaurus,  226. 

Atmosphere,  agency  of  in  rock  degra- 
dation, 88. 

former  constituents  of,  59,  66. 

former  extent  of «  59. 
Atrypa  nodostriata,  190. 

reticularis,  190,  196,  205. 
Augite,  8,  14,  16,  820. 

alteration  of,  107,  881. 

in  dolerite,  25. 

in  gabbro,  26. 

in  meteorites,  49. 

in  sandstone,  28. 

microscopic  character,  820. 
Aulopora  arachnoidea,  173. 
Autumnal  warbler,  504. 
Azurite,  9, 14,  839.    See  also  Malachite. 

B. 

Baculites  anceps,  285. 

Badgers,  437. 

Baltunore  oriole,  456,  544,  545,  550. 

Bank  swallow,  516. 

Baraboo  (^uartzite,  87,  90,  121. 

iron  m,  624. 
Barite,  336,  641. 
Bam  swallows,  518,  514. 
**  Barrens,"  286. 

Basaltic  rocks,  classification  of,  25-7, 
101. 

composition  of,  25. 
Basic  compounds,  7. 

rocks,  19,  20,  55,  56,  57,  246,  840. 
Bats  of  Wisconsin,  487-8. 
Bay-breasted  warblers,  495,  497,  504. 
Bay-winged  bunting,  528,  580,  586. 
Bay  View  iron-f umaoe,  614. 
Beach  structure,  48. 
Bears,  437. 
Beavers,  439. 
Bee  martin,  559. 
Belemnites,  288. 


Belemnltes  claratus,  288. 
Belemnites,  Jurassic,  284. 
Belenmites  paxiUosus.  284. 
Bellerophon  antiguatus,  126. 

bilobatus,  156, 158. 
Belted  kingfisher,  567. 
Billowy  surface  of  Lower   Magnesian 

mnestone,  188. 
Biotite,  14.  826. 
Bird  of  Solenhofen,  228. 
Birds,  beneficial,  448-9,  462. 

carrion  eating,  449. 

changing  habits  of,  458. 

economic    classification    of,    460, 
46!^-S. 

food  of,'  448-452,  462-6. 

harmful,  44^-452,  468. 

of  passage,  458. 

of  Wisconsin,  441-621. 

parasitism  among,  461. 

Reptilian,  228,  229,  280. 

Tertiary,  244 

young,  food  of,  458, 
Bittern,  American,  601. 

Least,  602.  ' 

Black  -  and  -  white    creeping    warbler, 

498, 494,  496,  499. 
Black -and -yellow  warbler,  494,  496, 

502. 
Black  birds,  blue-headed,  551. 

red-winged,  458,  544,  545,  548. 

yellow-headed,  549. 
Blackbumian  warbler,  508-4. 
Black-capped  chickadee,  488-4 

Fly-catching  warbler,  509. 
Black-marked  ground  warbler,  508. 
Black-poll  warbler,  504. 
Black  mica,  826. 
Black  River  Falls,  624 

iron-bearing  rocks  of,  87. 
Black  river  in  glacial  period,  285. 
Black  shale,  Keweenawan,  102,  115. 
Black-throated  blue  warbler,  494,  497, 
503. 

bimting,  541. 

green  warbler,  494,  496,  502. 
Blende,  14.     See  also  Sphalerite. 

altered  to  Smithsonite,  642. 
Blue  birds,  478-480. 
Blue  copper  ore,  812.     See  Azurite, 
Blue-bill,  606. 

Blue-eyed  yellow  warbler,  502. 
Blue  golden-winged  warbler,  50(X 
Blue-gp^y  gnat-catcher,  482. 
Blue  jay,  552,  553,  555. 
Blue  limestone,  9. 

Lower,  182-3. 

Upper.  163. 
Blue  Mounds,  254,  259. 
Blue  yellow-backed  warbler,  500. 
Bobolinks,  453,  544,  545,  546. 
Bode,  Mr.  G.,  303. 
Bog  manganese,  818. 
Bog  ore,  83. 

Boh^nian  waxwing,  518. 
BombycidsB,  410, 
Bomite,  812. 
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Botanical  lists,  876-395. 
Bowlder  clay,  266. 
Bowlders  in  moraine,  370. 
Brachiopods,  carboniferous,  219,  220. 

Devonian,  205. 

Hudson  river,  177. 

Lower  Helderberg,  197. 

Lower  Magnesian,  142. 

Niagara,  186,  190,  192,  196. 

Potsdam,  127,  184 

St.  Peters,  147. 

Trenton,  154,  155, 163. 
Breccia,  17. 

Brecciated  layers  of  Lower  Magnesian 
limestone,  140. 

limestone,  origin  of,  169. 
Breen  mine,  805. 
Brewer's  grackle,  551. 
Brick  clay,  668-673. 

color  of,  669,  670. 

effect  of  impurities,  668-672. 

iron  in,  669. 
Brillion,  187. 
Bronteus  Laphami,  195. 
Brontotherinm  ingens,  244 
Bronzite,  8 19. 

Brooks,  Maj.  T.  B.,  98,  94,  884,  620. 
Brotherly-love  vireo,  522. 
Brown  creeper,  487,  488. 
Brown  iron  ore,  817,  615,  618. 
Brown  rock,  151,  168. 
Brown  thrush,  478. 
Bryozoans,  Niagara,  184,  196. 

Trenton,  154, 168. 
Bucania,  142. 

bidorsata,  156,  158. 

Buelli,  158. 

trigonostoma,  192. 
Bud-eating  birds,  450. 
Buff  limestone,  9,  151. 

Lower,  162. 

Upper,  168. 
Building  material,  663-677. 
Building  stone,  663-8. 
Bull-bat,  564 
Bundy,  W.  F.,  396,  402. 
Bunting,  bay-winsed,  528,  680,  686. 

black-throated,  541. 

painted  lark,  586. 

snow,  585. 
Burlington,  196. 
Butcher  bird,  525. 
Buthograptus  lazus,  158. 
Buthotrephis,  189. 
Buthotrephis  gracilis,  152. 

succulens,  152. 
Butterflies,  406-8. 
Buzzard,  broad-winged,  587. 

red-tailed,  586. 

Swainson^s,  586. 

turkey,  589. 
Byron  beds,  182, 187. 

c. 

Calamine,  883,  888. 
Calamites,  215,  218. 
Calcareous  class,  669,  671. 
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Calcareous  rocks,  19. 

of  Huronian  age,  86. 

of  Laurentian  age,  71 
Calcareous  tufa,  22. 
Calcite,  14,  22,  26. 
Calcium,  6. 

carbonate,  4 
Calf  s-hom  coral,  152. 
Callipteris  Sullivanti,  276. 
Calumet  and  Hecla  mine,  108,  111. 
Calymene  Niagarensis,  192, 196. 

senaria,  loO. 
Cambrian  age,  119-144 

Lower  Magnesian  epoch,  138-143. 

Potsdam  epoch,  119-188. 

St  Peters  epoch,  119-145. 
Cambro-Silurian  age,  145-177. 
Canada  fly-catcher,  509. 
Canvas-back  duck,  606. 
Cape  May  warbler,  505. 
Carbon,  origin  of,  59. 
Carbonaceous  rocks,  19,  339. 

analyses  of,  806. 

Huronian,  86. 

Laurentian,  71. 

Potsdam,  125. 
Carbonates,  7,  8,  10 
Carbonate  of  lime,  3* 

soda,  4 
Carbonic  acid,  6,  7,  10,  20,  66. 
Carboniferous  age,  218-222. 

period,  218,  214-220. 

fossils  of,  218-19. 

plant  ^owth,  214-18. 
Carc^aropis  Wortheni,  219. 
Cardinal  Grosbeak,  542. 
Carolina  wren,  490. 
Carpathians,  246. 
Carrion-eating  birds,  449 
Cascade  mine,  805. 
Catalogue  of  butterflies  of  Wisconsin. 

ms. 

cold-blooded  vertebrates,  4%3-485. 

lepidoptera,  406-421. 

Wisconsin  plants,  376-395. 
Catbird,  477. 
Catlinite,  87. 
Cauda-galli  grit,  209. 
Cazenovia  iron  furnace,  614 
Cedar  wazwing,  518. 
Celestite,  887. 
Cement  rock,  22. 
Cements,  676-7. 
Central  arch  of  Wisconsin,  165,  174, 

249. 
Cephalaspis,  202. 

Lyein,  203. 
Cephalopods,  Carboniferous,  219,  220. 

Cretaceous,  285. 

culmination  of,  280-3 

EUunilton^  215. 

Hudson  nver,  178. 

Jurassic,  284 

Niagara,  184-192, 194, 195. 

Reptilian,  280-8. 

Potsdam,  127. 

Trenton,  157-9,  161. 
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OecfttiteB,881. 

nodoBUs,  281. 
Oenuinis  Niagarenais,  IH,  196b 

nlenrexanthemiiiv  Xw. 
OenMite,  9,  888. 
Oestaradknit,  219. 
GbabiJEite,  88a 
ChmMcB,  172. 

dlflodideus,  158. 

lyeoperdon,  IMb 

Ghmmoonl,  189. 
Chaloooite.  8ia 
duaoopyrite,  14^  8ia 
CShalk  fonnatioiis,  884-7. 

oxiffin  of)  16. 
CtMrnpiaia  depranioii,  298. 

epoch,  261,  291-5. 


Obflt,  yellow-breastod,  609. 
Caiazy  limestone,  140,  208. 
Gheixotheriuin,  tnck  of,  281. 
CSMmical  aotivitiee,  8-11. 

•11817068,808-8. 

daadficaticm  of  xodDi,  8, 19. 

oompoandB  of  earth'ii  oniit^  6. 

oonmitation  of  earth's  omati  1^ 

elements  of  rocks,  6,  6. 

geognosy,  Q^ 

geogony,  SAt. 

geology,  8-12. 

metamorphism,  42, 107. 

nature. <»  rooks,  19,  20.    See  also 
Acidic,  Basic  and  NentraL 

nomendature,  8-6. 
Chert,  24. 

in  Lower  Magnesian  limestonei  140. 
Cherrybird,  51S-520. 
Chestnut  hangnest,  550. 
Chestnut-sid(Kl  warbler,  495,  498, 605. 
Chewink,  548. 
Chiastolite,  332. 

Chickadee,  black-capped,  488-4. 
Chicken  hawk,  584. 
Chimney  swift,  565. 
Chipmunk,  439. 
Chippewa  river  in  glacial  epoch,  285. 

valley  glacier,  378. 
Chipping  sparrow,  529,  581,  589. 
Chlorite,  14,  26,  335. 
Chloritic  schist,  25,  855. 
Chonetes,  205. 

Dalmaniana,  219. 
Chonophyllum,  189. 

Niagarense,  190. 
Chromite,  49,  107. 
Chrysalidina  gradata,  236. 
ChrysocoUa,  3;i3. 
Chrysolite,  14,  26,  324. 
Cidaris  Bluraenbachii,  232. 
Cincinnati  Arch,  175-7. 

shale,   170-7.        See  also  Hudson 
River  Shale. 
Classification  (economic)  of  birds,  460, 
46i^. 


fdassification  of  basaltio  ro6k%  2^7. 

of  crystalline  rocks,  17,  M.    - 

of  igneous  rodos,  101. 

of  rocks,  15-2a 
Oastic  beds,  98. 
Glastio  rocks,  17. 
Clays,  668^)78. 
Climes,  classes  of,  671-8. 
V   effects  of  impurities  on  briek^ 

670. 
.   iron  in,  669. 

origin  of,  86,  671-8. 
Caaj  rocks,  22. 
CIbt  slate,  858. 
deliophonis  negleotiu^  1781 
CUif  swallovr,  516.  ^ 

GUmactichnites  Fostoi,  188,  188. 

Toungi,  182^  188. 
Climate,  glacfai,  287-a 
CHmate  m  Hudson  lE^tver  epooh,  176. 

Botadam  period,  187. 
GUi^oii  iztm  oie,  179-181,  207,  818^  81% 
826,688.  .      -.      -, 

eiiaraoterof.  180. 

ftiiiiiatk>n  of,.  180-1. 

ridmess  of,  180. 

thickness  of,  179. 
Caiaton  shales,  17a 
OoaL  11. 

formation  of,  215i ' 

lignitic,  288. 

origin  of,  16. 

plants,  215-6. 
Ckiast  erosion,  68. 
OGsmlean  wtibkoTf  518. 
Cdkl-hlooded  Tertmatasof  Wlaoonsin, 


Ccdonialtendenciesof  l^agara  Iif6, 198. 
Colnmnaria  alveolata,  153,  158. 

Comets,  origin  of,  51. 
Commonwealth  mine,  85-90. 
Compass,  use  in  detecting  ore,  632, 635. 
Concretions  of  iron  ore,  146. 
Conglomerate,  17. 
Con&ers,  215,  218,  234. 
Connecticut  warbler,  507-8. 
Conocephalites  calymenoides,  181. 

Wisoonsensis,  131. 
Conocephalus,  131. 
Constellaria  polystomella,  173. 
Constitution  of  the  earth's  crust,  5-8. 
Continental  glacier,  268. 
Conularia  Trentonensis,  167. 
Coot,  American,  603. 
Copper,  6,  102,  107,  lOS-115,  811,  848, 
656-661. 

amvgdaloidal,  108-9. 

anacalcite,  109. 

silver,  110,  114,  115, 

associated  minerals,  109, 110. 

carbonate,  9.     See  Malachite. 

conglomeratic  deposits,  108,  114. 

depositions  of,  110. 

economic  suggestions  concerning, 
658,  661. 

modes  of  occurrence,  656. 

ore,  gray,  814. 
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Copper  ore,    f^raj,   of    Southwestern 
Wisconsin,  660. 
red,  814. 

origp  of,  11,  110-115. 

paying  quantities  of,  657. 

pyrites,  9.    See  also  Chalcopyrite. 

solution  of,  110. 

tests  for,  656-7. 

theory  of  oceanic  precipitation,  112. 

ultimate  source  of,  110,  118. 

utensils,  298. 

veins,  108,  109. 
Copper-bearing  series,  96-118. 
Copperas,  837. 
Corals,  Devonian,  205. 

Galena,  166-7. 

Hudson  river,  172-8. 

Niagara,  18^-6,  187,  188,  189,  190, 
191,  195,  196. 

Potsdam,  126. 

Trenton,  152-3,  161. 
Coral  Beds,  lower,  182,  187. 

upper,  182,  187,  192. 
Coral  reefs,  Niagara,  188-5. 
Cordaites,  218. 
Cormorants,  608. 
Comiferous  limestone,  209. 
Correlation  of  Palsdozoic  strata,  207- 

210. 
Corundum,  6. 
Coryphodon  hamatus,  242, 
Coryphodonts,  242. 
Cowbird,  544,  545,  547. 
Crakes,  602. 
Cranes,  599. 
Crania,  154. 
Creepers,  587,  588. 
Crepicophalus,  181. 

Gibbsi,  130. 
Cretaceous  geogrgiphy,  237. 

period,  223,  2U. 

rocks,  character  of,  230. 
distribution  of,  237. 
Crevices  in  Lead  Region,  638,  647. 

method  of  filling,  639. 

surface  indications  of,  647. 

Crinoids,  Devonian,  205. 

Hudson  river,  173. 

Niagara,  184,  189,  196. 

Potsdam,  126,  134. 

Reptilian,  231. 

Trenton,  158,  154,  161. 
Crioceras,  235. 
Crolls'  hypothesis  of  glacial  climate, 

287. 
Crocodilians,  226. 
Cross-bill,  American  red,  584. 

white-winged,  534. 
Cross  stratification,  43. 
Crow,  553. 

Crust,  primitive,  53-9. 
Crustaceans,  list  of  402-5. 

Niagara,  192,  195. 

Potsdam,  128-131. 

Trenton,  159. 
Cruziana,  125. 
Crypto-crystalline,  17. 


Crystalline  rocks,  chemical  analysis  of, 
304. 

classification  of,  17,  23. 
Cuckoo,  567-9. 
Cuneolina  pavonia,  236. 
Cup  coral,  152,  189. 
Cuprite,  814. 
Curlew,  Eskimo,  599. 

Hudsonian,  599. 

long-billed,  598. 
Cyanite,  332. 
Cyathocrinus,  190. 

Cora,  191. 

Waukoma,  191. 
Qrathophylloid  corals,  153. 
Of  cads,  234,  236. 
Cycas  circinalis,  236. 
Cycle  of  deposition,  209. 
C^clonema  percarinata,  157. 
Cyclopteris  obtusa,  204. 
Cypricardites,  155. 

megambonus,  156. 

Niota,  156. 

rotundatus,  156. 

ventricosus,  156. 
Cyrtina,  205. 
Cyrtoceras,  158. 

annulatum,  158. 

brevicome,  194. 

planodorsatum,  159. 
Crytolites  compressus,  156,  158. 
Cystiphyllum,  189. 


D. 


Dab-chick,  610. 

Dalmania  calllcephalus,  160. 

vigilans,  195. 
Dana,  Prof.  J.  D.,  35,  184,  333. 
Daniells,  Prof.  W.  W.,  303. 
Darwin,  G.  H.,  46. 
Datolite,  332. 

Decomposition  of  rocks,  agencies,  10. 
Dendro^aptus  Hallianus,  126* 
Depere  iron  furnaces,  614. 
Deposition,  cycle  of,  207. 

of  iron,  11. 

of  sediments,  81,  210. 
Depressions  in  moraine,  277. 

of  crust  by  ice,  290. 
Des  Cloizeaux,  328. 
Des  Plaines  river,  253. 
Detrital  rocks,  17. 
Detritus,  deposition  of,  67,  68. 

chemiciu,  67. 

mechanical,  67. 
Devil's  Lake,  285. 
Devil's  Lake  quartzite,  24. 
Devonian  age,  201-212. 

life,  202-5. 

rocks,  foreign  equivalents  of,  206. 
Diabase  and  dolerite,  26. 
Diabase,  Keweenawan,  100, 101. 
Diabase  porphyrite,  342. 
Diademopis  seriale,  232. 
Diallage,  14,  26,  821. 
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BioeUooephalna,  1S9. 
Baraki^sifl,  Ul,  14SL 
Bftloni,142. 
Lodensia,  180. 

18L 


PiepiiieiiBiSf  IW. 
otrles 


Diootybs  compressiis,  8M. 
IMolyoaema  antbraoophilAy  SlflL 
Dkmiodoii,  881. 

LMuentian.  77. 
Dhiooevas  mirablle,  841. 
IXnoMwirs,  88<l. 
IMiiotheriiim,  84^ 
IXoiito,  16,  85,  87,  40,  840-8,  84B. 

oompoBition  of,  87, 

HwoDian,  88. 

ciigjbi  of,  16, 88. 

i^dphjrttBiiiy  188. 
DiMna,  184. 

inntilia.  187. 
I)iriii)l0ffnnoii  of  rocks,  80,  -66. 
BUko  Itfaiid,  48. 

Dirtiilmtion  of  iron  ores,  618-688. 
DiTen,  610. 
Doteite,  40. 

oompo8itio&  of^  14. 16^  88. 
Dolerite  and  diabase,  88. 
Dolomite,  14,  88, 140,  888. 

ocnnviosition  of,  88. 
Dolomitio  sandiock.  88. 
Doloinization,  88, 161-8. 
Do?e,  Oan^ina,  «N). 
Drainage,  glacial,  881-^,  884-6, 884. 

of  mines,  648. 

of  Wisooiisin,  848. 

snrfkce.  68^ 
Drift,  ohanuster  of,  866. 

copper,  660. 

modified,  267. 

soil,  680-8. 

stratified,  266-7,  279. 

wells,  698. 
Drif tless  area,  269. 
**  Dryboue,"  14,  338,  642. 
Ducks,  604-7. 
Duluth  granite,  26. 
Dunlin,  American,  596. 
Dutton,  Capt.  C.  E.,  53,  56,  57,  101. 
Dyeetone  ore,  625. 

E. 

Eagle,  golden,  588. 

white-headed,  588. 
Earliest  known  land,  61-3. 
land  in  Wisconsin,  64. 
Earth,  hypothetical  early  history  of,  46, 
interior  of,  52-3. 
metaUic,  54. 
weight  of,  54. 

interior  rocks,  54. 
surface  rocks,  54. 
Earth's  cru^t.  chemical  constitution  of, 

elements  of,  6. 


Earl's  crust,  natiTe  «ieiii0iito  ii^  6L 
Earth's  origin,  facts  aigniflcunt  d,  40- 
50. 

fSrom  meteorites,  48,  61. 

liquid  stage,  68. 

nebuioos  stage,  SO-Sl 
Earthquake  vibrattoos,  seal;  of,  SSL 
Eastern  bluebird,  478^180. 
Eastern  hermit  thrash,  4niS. 
Eave  swallows,  5ia  516. 
Ebb  and  flow  strocture,  48. 
EocuUomphahis  undnlatoa,  107. 
Eohinocystites  nodosos,  191. 
Ediinoderms,  Potsdam,  184. 
Economic  ornitholQgj,  441* 
Edwards'  mine,  806. 
Ecrret,  great,  601. 
ESkey's  quarry,  148. 
Elephant,  848,  886. 
Rlcjthas  Americanus,  887. 

primogenius,  886. 
Elevation  by  oontraotlon,  80l 

in  Rladal  ^K>ch,  887. 

of  lacastrine  days,  888^ 

of  Lanrentian  SGrat%  77.     . 
EUipsooephalaa,  181. 

curtus,  181. 
EDiptical  hiUs,  874. 
Elk,  487. 
Iknery,  6. 
Emmett  mine,  806,  681. 

omatus,  186w 


Enorinus  liliformis,  881. 
Endooeras  annulatum,  168. 

subannulatum,  168. 
Enstatite,  7, 48,  818. 
Eohippos,  843,  848. 
Eocoon  Canadenae,  71,  88,  llOi. 
Epidote,  14,  886. 
Epoch,  810. 

Eporeodon  major,  244. 
Equiseti,  217. 
Erosion,  61. 

coast,  68. 

constancy  of,  78. 

glacial,  274,  289. 

measure  of  glaciation,  249,  271. 

preglacial  in  Wisconsin,  248-259. 

relation  to  volcanic  action,  55. 
Eruptions,  Eleweenawan,  10^105. 

theory  of,  103-105. 
Eruptive  rocks,  840-852. 

classification  of,  101. 

Huronian,  92-94. 

Lauren tian,  77. 

Mesozoic,  56,  57,  101,  238. 

of  Atlantic  border,  56,  57.  See  also 
Mesozoic. 

of  Lake  Superior,  57,  101.   See  aLio 
Keweeuawan. 

Tertiary,  56,  101,  246. 
Eucalyptocrinus,  189. 

comutus,  191. 

crassus.  180. 

gemmiformis,  191. 

omatus,  191. 
Euomphalus  Strong!,  140,  148. 
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Euomghalus  vaticinatus,  126. 
Euproops  DansB,  219. 
Evening  grosbeak,  532. 
Explosives  used  in  lead  mining,  649. 
Extinction  of  species,  223. 

F. 

Falcon,  peregrine,  584. 
Fault,  44 
•     Faulting  of  Huronian,  105. 

Keweenawan,  105. 
Fauna,  vertebrate,  of  Wis.,  422-440. 
Favosites,  189. 

Favositoid  corals,  187,  189,  196. 
Feldspar,  327-381. 

abundance  of,  14. 

changed  to  kaolin,  10. 

changes  in,  107. 

in  jfranite,  24, 

in  sandstone,  23,  121. 
Felsite,  28,  40. 

porphyry,  28,  850-2. 
Fenestella  granulosa,  178. 
Ferns,  Carboniferous,  215,  216,  217. 
Ferric  oxide,  7.    See  also  Iron  Oxide. 
Ferrite,  29. 

Ferru^nous  rocks,  19,  614, 
Fertilizers,  natural,  685-7^ 
Field  lark,  549. 

plover,  457, 

sparrow,  r>29,  531,  539. 
Finches,  527-543. 

grass,  536. 

lark,  529,  540. 

Lincoln's,  528,  587. 

Nelson's,  537. 

purple,  528,  530,  588. 
Firebrick,  670. 
Fisher,  Rev.  O.,  75. 
Fislies,  Carboniferous,  220. 

Devonian,  202,  208. 

first  appearance  of,  202,  208. 

Mesozoic,  230. 

of  Wisconsin,  list  of,  427-485. 
Fissures  in  Lead  Region,  638. 
Fistulipora  lens,  173. 
FlabeUina  rugosa,  236. 
Flag  ore.  616,  620. 
Flats  and  pitches,  640. 
Flat  openings,  639. 
Flax-seed  ore,  179. 
Flexure,  Keweenawan,  103. 

of  strata  in  Wisconsin,  249,  298. 
Flint,  24. 

in  Lower  Magneslan  limestone,  140. 

origin  of,  11. 
Float  copper,  660. 
Floating  vegetation,  215. 
Float  mmerals,  640,  645. 
Flora  of  Wisconsin,  876-895. 
Florence  mine,  85,  90. 
Flow  and  plunge  structure,  48. 
Fluorite,  814. 
Fluxes,  676. 

for  iron  ores,  629. 
Flycatchers,  557-568. 


Flycatchers,  Acrdia^,  562. 
great  crested,  od(h 
least,  558,  559,  562. 
olive-sided,  561. 
Say's,  560. 

Traill's,  557,  558,  562. 
yellow-bellied,  563. 
Flying  squirrels,  489. 
Folding  of  stratiEi,  75. 
Foliated  structure,  18. 
Fond  du  Lac,  23. 

iron  furnace,  614 
Food  of  birds,  443-452,  461^-6. 

of  young  birds,  453. 
Foraminifers,  166-7. 
Forbes,  263. 
Forest  beds,  286,  295. 
Fossil  ore,  180. 
Fossil  plants,  Devonian,  204 
Lower  Magnesian,  141. 
Niagara,  189. 
Potsdam,  125. 
Trenton,  152. 
Fossils  of  Wisconsin,  list  of,  862-875. 
AnneUdan,  127-8,  147. 
Brachiopods,  Oalena,  167-8. 
Hudson  River,  173-4. 
Lower  Helderberg,  197. 
Lower  Magnesian,  1^ 
Niagara,  190,  192. 
St.  Peters,  147. 
Trenton,  154-5. 
Bryozoans,  190. 
Carboniferous,  214-220.     See  also 

Life  of  Carboniferous  Age. 
Cephalopods.     See   also  Cephalo- 
pods. 
Hudson  River,  178. 
Niagara,  192,  194 
Trenton,  157-9. 
Clinton,  180. 
corals  of  Hudson  River,  172, 178. 
of  Galena,  16a 
of  Niagara,  189,  190. 
of  Trenton,  152,  168. 
See  also  Corals, 
crinoids  of  Hudson  River,  178. 
of  Niagara,  189,  190. 
of  Trenton,  153, 154. 
See  also  Crinoids. 
crustaceans  of  Trenton,  159,  160. 

See  also  Trilobites. 
Devonian,  202-5. 
Fishes  of  Carboniferous,  220. 
of  Devonian,  202,  203^ 
of  Mesozoic,  230. 
Fucoids,  142. 
Qaiena  epoch,  166-8. 
Gasteropods  of  Galena,  167,  16S. 
of  Lower  Magnesian,  142. 
of  Niagara,  193. 
of  Trenton,  155. 

See  also  Gasteropods. 
Graptolites  of  Potsdam,  120. 

of  Trenton,  153. 
Heteropods  of  Lower  Magnesian, 
142. 
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Fo6Bil8,  Heteropods  of  Niagara,  193. 
of  Treoton,  156. 

See  also  Heteropods. 
of  Hudson  River  epoch,  172-4. 
Insects,  Devonian,  203-4. 

See  also  Insects. 
Jurassic,  232. 

Lameliibranchs  of  Hudson  River, 
173-4. 
of  Niagara,  192. 
of  Trenton,  155. 
See  also  Lameliibranchs. 
Lower  Helderberg.  197-8. 

Magnesian,  141-2. 
Mammalian  of  Mesozoic,  230 

of  Tertiary,  240-5. 
Mesozoic,  224-230. 
Mollusks  of  Devonian,  205. 
of  Galena,  167-8. 
of  Hudson  River,  173-4. 
of  Lower  Magnesian,  141-2. 
of  Mesozoic,  230-3. 
of  Niagara,  190-4. 
of  Potsdam,  126-7. 
of  St.  Peters,  147. 
of  Trenton,  154-9. 
Niagara  epoch,  188-196. 
Potsdam,  126-134. 
Protozoans  of  Niagara,  189. 

of  Potsdam,  134. 
Pteropods  of  Trenton,  157. 
Quaternary,  295-8. 
Radiates  of  Potsdam,  126. 
Reptilian,  224-230. 

See  £dso  life  of  Reptilian  Age. 
Rhizopods,  134. 

See  also  Chalk. 
St.  Peters  epoch,  147. 
Tertiao'.  240-5. 
tracks,  Polsjlnra,  131-3. 
Trenton,  152-100. 
Triassic,  231. 

Trilobites  of  Devonian,  205. 
of  Hudson  River.  173. 
of  Lower  Magnesian,  141. 
of  Niagara,  192,  193,  195. 
of  Potsdam,  128-131. 
of  Trenton,  160. 
Vertebrates,  Devonian,  202. 
Foster  mine,  305. 
Fox-colored  sparrow,  541. 
Foxes  of  Wisconsin,  436. 
Fragmental  rocks,  17. 
Frogs  of  Wisconsin,  425. 
Fundamental  gneiss,  45. 
Fungi  of  Wisconsin,  396-401. 
Furnaces,  iron,  614. 
Fusispira  elongata,  167. 

G- 

Gabbro,  20,  40,  3^14-5. 

as  building  stone,  666. 
Gadwell,  60 1. 

Galena,  312.     StHi  also  Galenite. 
Galena  epoch,  103-170. 

limestone,  145,  165-170. 


Gralena  limestone,  correlation  of,  170. 
distribution  of.  170. 
fossils  of,  imS, 
litholo^cal  character  of,  169. 
metaUic  contents  of,  169,  637. 
Tariations  of,  169. 
Galenite,  9, 14,  812,  637-640. 
Gallinules,  603. 
Gangue,  43. 

Ganoids,  220.    See  also  Fishes. 
Ganot,  606. 
Garnet,  325. 

Gasteropods  of  carboniferous,  219,  220l 
of  Galena,  167,  168. 
of  Hamilton,  205. 
of  Hudson  River,  178. 
of  Lower  Magnesian,  143. 
of  Niagara,  192,  193,  196. 
of  Potsdam,  126. 
of  Trenton,  156,  157,  16L 
Geese,  603-4. 
Geognosj,  chemical,  5-8. 
Geogony,  chemical,  8-11. 
Geography,  cretaceous,  237. 
Huronian,  80. 
Keweenawan,  116. 
Potsdam,  119. 
(Geological  column,  65. 
Geological  influence  of  man,  299. 
Geolo»cal  work  in  Wisconsin  between 
Devonian   and   glacial  periods, 
248-250. 
Geology,  chemical,  8-12. 

lithological,  13-44. 
GeometridsB,  412. 
Glacial  action,  effect  of,  264. 
climate,  cause  of,  287-8. 
drainage,  281-6. 
epoch,  first,  261-271. 
limit  of  ice,  264. 
lobation  of  ice,  269. 
margin  of  ice,  268. 
movement  of  ice,  268. 
retreat  of  ice,  270. 
epoch,  second.  261,  271-291. 
cause  of,  287-8. 
elevation  during,  287. 
flow,  263-4,  268,  274. 
lakes,  267,  282,  283-i,  291. 
lobes,  272^. 

movements  in  Wisconsin,  272-5. 
streams,  206. 

striation,  265,  267,  268,  274. 
Glaciation,  measured  by  erosion,  249. 

nature  of,  265-6. 
Glaciers,  attendant  water  action,  266-7 
Chippewa  valley,  273. 
continental,  268. 
depression  caused  by,  290. 
erosion  by,  265-6,  269,  274,  289. 
formation  of,  263-4. 
of  Grand  river,  274. 
of  Green  Bay,  272-a 
of  James  river,  274. 
of  Lake  Erie,  273. 
of  Lake  Michigan,  272. 
of  Lake  Superior,  273. 
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Glaciers  of  Saginaw  Bay,  278. 

of  Scioto  river,  274. 

plasticity  of,  264. 

rock  in,  205. 

transportation  by,  265,  280. 
Glass  rock,  151,  163,  676. 
Glauconite,  122,  884. 

as  a  fertilizer,  686. 
Globulites,  29. 
Glyptaster  occidentalis,  191. 
Gnat  catcher,  blue-gray,  48^ 
Gneiss,  21,  24,  852-8. 

origin  of,  74. 
Goatsuckers,  568. 
Godwit,  Hudsonian,  597. 

marbled,  597. 
Gold,  6,  810,  661. 
Goldfinch,  American,  535. 
Golden-crested  kinglet,  481,  482. 
Golden-crowned  thrush,  507. 
Golden  eagle,  588. 
Golden-eye,  606. 
Grolden  robin,  550. 
Golden  warbler,  502. 
Gomphoceras  breviposticum,  205. 

scrinium,  194. 
Gomphocystitos  glans,  191. 
Goniatites,  231. 

crenista,  219. 
Gonioceras  anceps,  159. 
Goosanders,  607-8. 
Gophers,  440. 
Goshawk,  584. 
Grackles,  Brewer's,  551. 

purple,  551. 

rusty,  544,  546,  551. 
Granite,  21,  23,  24,  33,  40,  849. 

as  a  building  stone,  605. 

composition  of,  14. 

intrusions  of  Laurentian,  78 

origin  of,  74. 
Granitell,  348. 
Granitic  porphyry,  849. 

rocks,  23. 
Granular  crystalline,  17. 
Granulite,  24,  33,  40,  848. 
Graphite,  14,  812. 

schist,  25. 
Graptolites,  Niagara,  196. 

Potsdam,  126. 

Trenton,  153. 
Grassfinch,  536. 
Gravel  plains,  285,  286. 
Gray-cheeked  thrush,  475. 
Gray  copper  ore,  814. 
Great  Lakes,  basins  of,  252-8. 

origiD  of,  288-291. 
Grebes,  610. 

Green  Bay  glacier,  272-3. 
dramage  of,  966. 

iron  furnace,  614. 

Rock  River  vaJley,  251. 
Greenlets,  520-8. 
Green  rock,  151. 

sand,  122,  184. 
Greenville,  196. 
Grit,  17. 


w. 


Grosbeak,  cardinal,  542. 

evening,  532. 

pine,  538. 

rose-breasted,  530,  582,  542 

rose-crested,  580,  532. 
Ground  moraine,  288.      ' 
Ground  robin,  548. 
Grouse,  592. 
Guelph  beds,  182. 

epoch,  181. 
GuUs,  608-9. 
Gypsum,  8,  887. 

as  a  fertilizer,  686-7. 
Gyroceras,  158. 

duplicostatum,  159. 

Hercules,  194. 

H. 

Hairbird,  529,  531,  539. 
Hairy  woodpecker,  573. 
Hale,  J.  T.,  876. 
Halite,  814. 
Halysites,  189. 

catenulata,  190. 
HamUton  formation,  197,  201-6,  207. 

distribution  of,  206. 

former  extent  of,  260. 

fossils  of,  202-5. 
Hangncst,  550. 
Hare,  440. 
Harrier,  582. 
Hartford,  179. 
Hawes,  G.  W.,  809.  830. 
Hawk,  American  rough-legged,  587. 

fish,  587. 

hen,  586. 

red-shouldered,  586. 
Hawks,  582. 

chicken,  584. 

Cooper's,  584. 

duck,  584. 

marsh,  582. 

pigeon,  582,  585. 

sharp-shinned,  583. 

sparrow,  585. 
Heavy  spar,  8,  336.    See  also  Barite. 
Helderberg,  Lower,  period,  178. 
Helicotoma  planulata,  156,  157. 
HelioUtes,  189. 

spinopora,  190. 
Hematite,  14,  23,  813,  814-5,  617-8. 

derived  fnjm  magnetite,  85. 

derived  from  pynte,  619. 

ores,  615,  618. 
Hematitic  schist,  25,  356. 
Hemlock  warblers,  494,  497,  563. 
Herons,  600. 

great  blue,  600. 

green,  601. 

night,  601. 
Hcsperomis  regalis,  229. 
Heteropods  of  Lower  Magnesian,  142. 

of  I^iagara,  192. 

of  Trenton,  156-7. 
Heulandite,  338. 
Himalayas,  246. 
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Hipparion,  243-8. 
Historical  geolo^,  45-800. 

Pte-LaurentiaQ  history,  45-68. 
Hoisting  gin,  644. 
Holocystites,  189. 

abnormis,  191. 

cjlindricos,  191. 

OTatus,  191. 
Holopea  Guelphensis,  191. 

Sweeti,  126. 
Honey-comb  coral,  152,  189. 
Hooded  fly-catching  warbler,  509. 
Hornblende,  14,  322-8. 

occurrence  of,  27, 121* 

<mgin,  16,  822. 

gaboro,  845. 

schist,  25,  854 
Homed  lark,  492. 

owl,  679. 
Horse,  genesis  of,  248. 
Hoise-pump  for  mines,  644-6. 
House  wren,  488,  489,  490-91. 
Hoy,  Dr.  P.  R.,  406,  422. 
Hudson's  Bay  titmouse,  484. 
Hudson  River  epoch,  170-7. 

dixnate  of,  176. 

geography  at  close  of,  176. 

Bfe  of,  178. 

limestone  of,  171. 
Hudson  River  shale,  145, 170-7,  207. 

distribution  of,  176-7 

fossils  of,  172-4,  176. 

mud-cracks  of,  172. 

ripple  marks  of,  172. 

stratification  of,  172. 

thickness  of,  171. 
Humming  bird,  566. 

moths,  409. 
Humus  soils,  286,  682. 
Hunt,  Dr.  T.  S.,  59. 
Huronian  Age,  80-95. 

duration  of,  117. 

geography  of,  80. 

Igneous  action  of,  92-4. 

Se  of,  89. 

sedimentation  during,  87,  88. 

subsidence  during,  106. 
Huronian  faultings,  105. 

folds,  91. 
Huronian  formation,  80-95. 

distribution  of,  95. 

iron  ores  of,  80,  82,  620-4.    See  also 
Iron  Ores. 

of  Canada,  89. 

thickness  of,  81,  88. 
Huronian  rocks,  81-9. 

acidic  character  of,  88,  89, 

carbonaceous  shale,  86. 

diorite,  83,  86. 

igneous,  93. 

Umestone,  81,  86,  859. 

mica  schists,  83,  84. 

of  Menominee  region,  84-6, 620, 621. 

of  Penokee  region,  81-4,  621-3. 

quartzite,  82,  87,  624. 

quai'tz  porphyries,  87,  324. 

quartz-schist,  82,  856-7. 


schists,  88. 

slates,  88. 

source  of,  81 

strike  of,  91. 
Huronian  sediments  metamorphoeed. 
90. 

subsidence,  106. 

upheaval,  89-94. 
Hybodus  apicidis,  281. 
Hydraulic  cements,  676-7. 

limestone,  22,  677. 
Hydrocarbons,  839. 
Hydrogen,  6. 

Hydromica  schist,  25,  854. 
Hydrozincite,  839. 
Hymenophyllites  alatus,  216. 
HyoUthes  Baconi,  157, 158. 

primordiahs,  126. 
Hyi^rsthene,  320. 
Hypothetical  early  history  of  earth,  46. 

I. 

Ibises,  599. 

Ice,  accumulations  of,  261-3. 

Icebergs,  formation  of,  268. 

in  glacial  IfJces,  291. 
Ice-floes,  scratches  of,  267. 
Ice-movement,    direction    of,    during 
glacial  period,  268. 

internal,  274. 
Ichthyornis  victor,  229. 
lohthyosaurs,  225. 
Ichthyosaurus  communis,  224 
Igneous  ejections,  54r^. 

Keweenawan,  57,  108-5. 

Mesozoic,  56,  288. 

order  of,  246. 

Tertiary,  56,  240-7. 
Igneous  eruptions,  cause  of,  104 

forces  concerned  in,  104. 

metamorphism  produced  by.  111. 

source  of,  104. 
Igneous  rocks,  15,  16,  54r-7,  340-352. 

acidic,  55,  340. 

basic.  55,  340. 

classification  of,  101,  340. 

of  Huronian,  93. 

of  Laurent ian,  77-8. 

of  Atlantic  border,  56-7. 

of  Lake  Superior,  57,  97.    See  also 
Keweenawan. 

of  Tertiary,  56-7,  246-7. 
lUaanurus,  131. 

convexus,  142. 

quadratus,  130. 
niaenus,  192,  195. 

crassicauda,  160. 

imperator,  193,  196- 

insignis,  193,  195. 

ioxus,  193,  195. 

ovatus,  160. 

taurus,  160. 
Bmenite,  315. 

Indian  Territory,  Archaean  rocks  in,  62. 
Indications  of  ore,  632,  645. 
Indigo  birds,  530,  532,  542. 
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Inocaulis,  198. 
Insects,  Devonian,  203  4. 
Carboniferous,  220. 
Lepidopterous,  of  Wisconsin,  400- 

421. 
Mesozoic,  283. 
Insects  destroyed  by  birds,  445-8. 
Interglacial  epoch,  271. 
Interior  of  earth,  52. 

metals  in,  54 
Interlobate  moraines,  276. 
Intermediate  moraines,  276. 
Interval  between  Laurentian  elevation 
and    Huronian     sedimentation, 
78-9. 
Huronian  sedimentation  and  Ke- 

weenawan  eruption,  94-& 
Keweenawan  elevation  and  Pots- 
dam sedimentation,  116. 
Lower  Helderberg  and  Hamilton 
periods,  200. 
Intrusive  granites.  97. 

rocks,Xaurentian,  55,  77. 
Iron,  6. 

Iron-bearing  rocks,  614. 
of  Black  River  Falls,  87. 
series,  80-95. 
Iron,  deposition  of,  11. 
Iron  deposits.  80,  613-636. 

determination  of  their  value,  614. 
surface  indications  of,  681-4L 
Iron  furnaces,  t>14,  629-631. 
Iron  industry  of  Wisconsin,  618-436. 
Iron,  metalhc,  311. 
in  basalt,  49. 
mines,  621,  626,  629. 
nickel  if  erous,  in  meteorites  49. 
Iron  ores,  811-2,  618-636. 
analysis  of,  305,  627-8. 
bog,  619. 

brown,  317,  615,  618-a 
Carboniferous,  216-7. 
chemical  analysis  of,  805,  627-8. 
ainton,  83,  179-181,  618,  625,  688.. 
concretions,  146,  618. 
distribution  in  Wisconsin,  619-626. 
flag,  630. 

fluxes  for,  629,  676. 
gangue  minerals  of,  629. 
Huronian,  620-4. 
impurities  of,  617,  629-681. 
magnetic,  316.  615-7. 
Menominee,  84,  620-1. 
methods  of  occurrence,  620-^ 
of  New  York,  ago  of,  71. 
of  Penokee  region,  82,  621-8. 
prospecting  for,  681-6. 
red,  314^,  618. 
richness  of,  805,  614,  615,  617,  619, 

627-8. 
slaty  structure  of,  616,  617. 
specular,  814-15,  617. 
titanic,  315. 
Iron  oxide,  60.    See  also  Iron  Ores. 
protoxide,  agency   of,  in   copper 

deposition,  110,  112. 
pyrites,  9,  513. 


changes  in,  619. 
Iron  Ridge,  173,  805,  625,  670. 
iron  district,  625. 

furnaces,  614,  626. 
Iron  smelting  in  Wisconsin,  618. 
stone,  28. 

sulphide,  9.    See  Iron  Pyrites. 
Ironton,  625. 

iron  district,  625. 
Iron  vitriol,  837. 
Irving,  Prof.  R.  D.,  13,  16,  81,  94,  97, 

101,  102,  123,  809,  840,  611. 
Isle  Wisconsin,  80. 

J. 

Jack  snipe,  596. 
Jackson  mine,  805. 
Jamleson,  Mr.,  291. 
Jasper,  24. 

schist,  358. 
Jay,  blue,  552,  558,  555. 

Canadian,  556. 
Jigging  ore,  650. 
Judd,  J.  W.,  49,  53. 
Jurassic  period,  223. 

disturbances  during,  237. 

fossils  of,  232-3,  236. 
Jura-Trias,  223. 

K, 

Kames,  278. 

Kansas,  Archaean  rocks  in,  62. 

Kaohn,  chemical  analysis  of,  306, 

clays,  10,  672,  673. 
Kaolimte,  834.  335. 
Kellerman,  Prof.  W,  A.,  448. 
Kentucky  warbler,  508. 
Kettle  moraines,  275-282. 

associated  plains,  282,  285. 

characteristics  of,  276. 

complexity  of,  275,  278,  281,  282. 

course  of,  272. 

depressions  in,  281. 

material  of,  278,  279. 

mode  of  formation,  281. 

significance  of,  272. 

superficial  aspect  of,  276-278. 

topographical  relations  of,  280. 
Kettles,  276. 

origin  of,  281. 
Kewaunee,  196. 

Keweenawan    formation,    distinction 
from  Potsdam,  122. 

distinction  of  flows,  97. 

equivalents  of,  116. 

faulting  of,  105. 

minerals  in,  102. 

rocks  of.  97-9. 

sediments,  metamorphism,  108, 107. 

tliicknesB  of,  96,  100. 
Keweenawan  period,  96-118. 

distinction  from  Huronian,  106. 

eruptions  during,  96,  108-5. 

geography  of,  116. 

Bfe  of,  102,  116. 

sedimentation  of,  96. 
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Keweenawan  pejdod,  subsideiice  dur- 
ing, 96. 
Keweenawan  rocks,  amygdaloidaL  97, 
107. 
black  shale,  103. 
conglomerate,  98. 

porphjritic,  97. 
diabases,    chemical   character  of, 

100,  305. 
flexure  of,  102. 
igneous,  57,  96,  97. 
kinds  of,  97-8. 
metallic  constituents  of,  108-115. 

See  also  Copper, 
sandstone,  23. 
••  bedding  of.  122. 
origin  of,  57. 
shales,  99,  102. 
Keweenaw  point,  96,  106. 
Killdeer  plover,  593. 
Killdeer.  457. 
Kingbirds,  557,  558,  559. 
King,  Clarence,  53,  56,  67,  101,  104 

Prof.  F.  H.,  441. 
Kingfishers,  567. 
Kingrail,  602. 
Kite,  swallow-tailed,  583. 
Kinglet,  golden-crested,  480,  481, 482. 
ruby-crowned,  481,  482. 


L. 


Labradorite,  14,  25,  26,  827-^1. 
Labyrinthodont,  226,  231. 
La  Crosse,  Artesian  well,  258,  696. 
Lacustrine  clays,  292.    See  also   Red 

clays. 

chemical  analysis  of,  306, 
elevation  of,  29,i-3. 

deposits  of  Tertiary,  239. 

epoch,  ^61. 

plains,  28.V-6. 
Lake  basins,  252-8. 

origin  of,  28S-291. 
Lake  Erie,  former  outlet  of,  294. 

glacier,  273. 
I^ake   Micbif^an   basin,  preglacial  ero- 
sion in,  2o,*V-8. 

former  outlet  of,  284-294. 

glacier,  272. 
Lake  Superior  basin,  preglacial  origin 
of,  257-9. 

glacier,  273. 

drainage  of,  285-6. 

igneous  rocks,  57.    See  also  Kewee- 
nawan. 

mine,  305. 

red  clays,  293. 

sandstone,  122. 

synclinal,  102,  258. 
Lakes,  distribution  of,  283. 

glacial,  267. 

Tertiary,  239. 
Lamellibrauchs  of  Carboniferous,  220. 

of  Ilamilton,  205. 

of  Hudson  Kiver,  173,  174, 


Lamellibrauchs  of  Potsdam,  127 

of  Niagara,  192,  193,  196, 

of  Trenton,  155, 161, 163. 
Lampreys,  435, 
Lana,  earliest,  64. 
Lapham,  Dr.  L  A.,  809,  812,  875. 
Laplace,  50. 

Lapland  long  spur,  528,  536. 
Lavas,  origin  of,  55. 
Lark  finch,  529,  540. 
Larks,  492, 

meadow,  544,  545,  549. 
Lateral  pressure,  78,  77. 

cause  of,  75. 
Laumontite,  833. 
Laurentian  Age,  64-79. 

duration  of,  117. 

life  of,  70-2. 
Laurentian  rocks,  64,  71. 

distribution  of,  79,  80. 

elevation  of,  77. 

eruptive,  77-8. 

folOB,  location  of,  72-3,  75. 

foreign  equivalents,  70. 

intrusive,  55, 

land,  former  extent  of,  77. 

limestone,  71, 

metamorphism  of,  74. 

origin  of,  66,  69. 

potash  in,  72. 

thickness  of,  69, 

upheaval,  72-8,  92. 
Leached  clays,  671. 

Lead  and  zinc,  dressing  and  8ei>arating 
of  ores.  649-652. 

indications  of,  645-8. 

mines,  water  in,  643-5. 

ores  of  Southwestern  Wisconsin, 
637-655. 

reduction  of,  652-5. 
Lead  carbonate,  9,  10.    See  Cerussite, 

coral,  166. 
Leadhillite,  337. 

Lead  in  Trenton  limestone,  163. 
Lead  ore,   165,  636-641.     See  Gtalenite 
and  Cerussite. 

method  of  occurrence,  639,  640. 

reduction  of,  652. 

white,  338. 
Load  sulphide,  7.    See  Galenite. 
Leaf -rollers,  456. 
Leiorynchus,  205. 
Lenticular  hills,  283. 

iron  ore  beds,  85,  621. 
Leperditia,  142. 

alta,  197,  198. 

fabulites,  159,  160. 

fonticola,  187,  192. 
Lepidodendrids,  215,  217,  218,  234. 
Lepidodendron  Gaspianum,  204. 
Lepidoptera  of  Wisconsin,  406-421. 
Leptajna,  154. 
Leptaena  Barabuensis,  127,  142. 

sericea,  155. 
Lichas  breviceps,  195. 
Life,  geological  products  of,  11,  12. 

changes  of  species,  233, 
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Life,  contributions  of,  to  rock  forma- 
tion, l61. 

effects  of  Appalachian  revolution 
on,  223. 

extinction  of  living  forms,  223. 

general  remarks  on,  134-6, 161. 

geological  beginning  of,  136. 

usts    of    Wisconsin    crustaceans, 
401W5. 

fungi,  396-401. 

plants,  376-395. 
Life  of  Carboniferous,  214r-220. 

of  Devonian,  30:^. 

of  Galena  epoch,  166-8. 

of  Hudson  river  shale,  172-4. 

of  Huronian  age,  89. 

of  Jurassic,  232-4. 

of  Keweenawan  period,  102,  110. 

of  Laurentian  age,  70-2. 

of  Lower  Helderberg,  197-8. 

of    Lower   Magnesian   limestone, 
140,  141-2. 

of  Niagara  epoch,  188-196. 
colonial  tendencies  of,  196. 

of  Potsdam  epoch,  124-186. 

of  Mesozoic,  224-237. 

of  Quaternary,  295-8. 

of  Silurian,  general  progress  of, 
199. 

of  St.  Peters  epoch,  146-7. 

of  Tertiary,  2^-5. 

of  Trenton  epoch,  152-162. 

of  Triassic,  231. 

progress  of,  in  Palaeozoic,  211-2. 
Lignite,  233. 

coal,  11. 
Lime,  6,  7,  673-6. 

as  a  fertilizer,  687. 

carbonate,  3. 

composition  of,  673-4. 

inbrickclay,  669,  671-2. 

limestone  for,  674-6. 
Limes,  testing  for,  674. 
LiAestone,  359,  360,  667. 

as  a  building  stone,  667-{). 

chemical  analyses  of,  303. 

composition  of,  21,  673. 

Blue,  162-3. 

Buff,  162-3. 

for  lime,  673-5. 
tests  for,  674. 

Ghdena,  165-170,  668,  675. 

of  Huronian  age,  81,  86,  359. 

of  Laurentian  age,  71. 

of  Lower  Helderberg,  197-8. 

of  Lower  Magnesian,  188-144,  668^ 

of  Mendota,  121. 

of  Niagara,  183,  196,  207,  667,  675. 

of  Paleozoic,  359-360. 

of  Penokee  Range,  81. 

of  Trenton,  145-165,  668. 

origin  of,  16,  21. 

pure,  676. 

lime  with  iron  ores,  629. 
Limonite,  9,  14,  23,  85, 317. 

derivation  from  pyrite,  619. 

ores,  618-9. 


Lincoln's  finch,  537. 
Linear  ridges,  274,  283. 
Lingula,  154. 

ampla,  127. 

antiqua,  127. 

Elderi,  154. 

Mosia,  127. 

Winona,  127. 

quadrata,  167,  168,  169. 
Lingulella,  154. 

aurora,  127. 

Stoneana,  127 
Lingulepsis,  154. 

Morsensis,  147. 

pinnaformis,  123-127. 
Linnet,  pine,  535. 

red  poll,  534. 
List  of  butterflies  of  Wisconsin,  406-8. 

cold  blooded  vertebrates  of  Wis- 
consin, 422-^435. 

crustaceans  of  Wisconsin,  402-5. 

fossils  of  Wisconsin,  362-375. 

fungi  of  Wisconsin,  396-401. 

moths  of  Wisconsin,  409-121. 

plants  of  Wisconsin,  370-395. 
Lithological  geology,  13-44. 
Lithological  nomenclature,  280-40. 
Lituites  occidentalis,  159. 
Lizards  of  Wisconsin,  423. 
Lobate  margin  of  ice,  268,  269,  272-3. 
Local  metamorphism,  42. 
Localization  of  Niagara  life,  196i 
Lockyer,  Prof.,  47. 
Long-billed  marsh  wren,  489,  491. 
Loons,  610. 

Louisiana  tanager,  510-2. 
Lower  Buff  limestone,  162. 
Lower  Blue  limestone,  162. 
Lower  Ctoral  beds,  182,  187. 
Lower  Helderberg  formation,  197, 198, 
207. 

distribution  of,  198,  199. 

life  of,  197,  198. 

period.  178. 
Lower  Magnesian  epoch,  life  of,  140-2. 

formation,  sandstone  of,  140. 

limestone,  138-144,  207,  668. 

bedding  of,  140. 

chert  in,  140. 

distribution  of,  143. 

former  extent  of,  260. 

flint  in,  140. 

fossils  of,  140-2. 

stratiflcation  of,  138,  140. 
Lower  Silurian  age,  145-177. 

disturbances  closing,  175. 

forei^  equivalents  of,  177. 

subdivisions  of,  145. 
Lycopods,  204,  217. 
Lynxes,  ^. 

M. 

Maclurea  Biesbyi,  156,  157. 
Madison  sandstone,  122. 
Magnesia,  6,  7. 

in  brick  clay,  669. 
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Magnesian  limestone,    origin   of,   22, 
162. 

composition  of,  22. 
Magnesium,  6. 
Magnetic  iron  sand,  82. 

mica,  805. 

ore,  82,  615-7. 
Magnetite,  14,  23,  25,  26,  85,  90,  815, 
316,  616-7. 

changed  to  hematite,  85. 

in  meteorites,  49. 

in  sandstone,  23. 

origin  of,  816. 
Magnetitic  schist,  25,  804. 
Magpie,  American,  554. 
M^chite,  9,  14,  389,  656,  657,  660. 
Mallard,  604. 
MaUet,  Mr.,  55. 

Mammalian  fossils.  Tertiary,  241-5. 
Mammals,  of  Wisconsin,  436-440. 

Quatemarj,  296-8. 

Reptilian,  230. 
MammiUary  hills,  283. 
Man^nese  with  iron  ore,  617,  630. 
Marcasite,  314. 
Marl,  22,  306. 
Marsh,  Prof.  O.  C,  230. 
Marshes,  274,  283,  684. 
Martins,  bee,  559. 

■purple,  613,  517. 
Marsupials,  230. 
Marylamd  yellow-throat,  493,  495,  408, 

508. 
Massive  rocks,  17. 
Mastodon,  242,  296,  297. 
Mastodonsaurus  giganteus,  231. 
Matthews,  Oliver,  628. 
Mayville  beds,  182,  187. 
Mayville  iron  furnace,  614,  626. 
Meadow  lark,  457,  545,  549,  550. 
Meams,  E.  A.,  4-43. 
Mechanical  sediments,  67. 
Medina  sandstone,  178,  179,  208. 
Megalomus  Canadensis,  192,  193. 
Megaloiiyx,  298. 

Jeflfersoni.  296. 
Megaphyton,  218. 
Melanterite.  337. 
Melaphyr,  26,  343. 
Melting  of  rocks,  cause  of,  55,  104. 
Menaccanite,  315. 
Mendota  limestone,  121. 
Menominee  region,  rocks  of,  84-6. 

iron  of,  84,  620-1. 
Merganser,  607. 
Meristella  nucleolata,  197,  198. 
Mesohippus,  242-3. 
Mesozoic  diabases,  56,  57. 
Mesozoic  era,  223-238. 

disturbances  during,  237-8. 

elevation  at  close  of,  239. 

eruptions,  238. 

eruptive  rocks,  56. 

life  of,  224-237. 
Mesozoic  traps,  56.  57. 
Metallic  carbonates,  9,  10. 

contents  of  Galena  limestone,  169. 


Metallic  contents  of  Lower  Magnesian 
limestone,  141. 

deposits,  origin  of,  11. 

oxides,  derivation  of,  9. 

sulphates,  9. 

sulphides,  9. 
Metamorphic  rocks,  15,  16. 
Metamorphism,  41. 

by  igneous  action.  111. 

cause  of,  41. 

changes  effected  by,  74,  90,  108. 

local,  42. 

of  Keweenawan  sediments,  108. 

of  Huronian  sediments.  90. 

of  Laorentian  sediments,  74. 
Metasomatosis,  42,  107. 
Meteorites,  58. 

composition  of,  49. 

growth  of  earth  from,  49,  51. 

orig^  of,  61. 

testimony  of  earth's  origin,  48. 
Methylosis,  42. 
Metoptoma  Barabuensis,  142. 

recurva,  142. 

retrorsa,  142. 

similis,  142. 
Mica,  14,  74,  32^7. 

in  granite,  24. 

in  sandstone,  23,  121. 
Mica  schist,  25,  40,  858. 

Huronian,  83-4. 

origin  of,  74. 
Mice,  438. 

Michigamme  mine,  805. 
Michigan  islands,  80. 
Microcline,  327-331. 
Microlestes  antiquus,  231. 
Microlites,  29. 
Microscopic  lithology,  28. 
Military  Ridge,  250. 
Millstone  grit,  213. 
Milwaukee,  201. 

Cement   rock.   22,   677.    See    also 
Hamilton  Limestone. 

iron  furnace,  614,  626. 

river,  253. 

rolling  mill,  614. 
Mineral  on,  11, 

Mineral  waters,  analyses  of,  307-8. 
Mineraloj^ical  composition  of  rocks,  20. 
Minerals  as  rock-constituents,  13. 

chemical  nature  of,  13. 

in  Galena  limestone,  169. 

in  mete<:)rites,  49. 

in  Trenton  limestone,  163-4. 

number  of  in  earth's  crust,  13,  14. 

principal  rock-forming,  14. 
Mining  in  Lead  Region,  637^655 
Mink,  437. 
Miohippus,  242-3. 
Mispickel,  314. 
Mississippi  Valley,  253-9. 
Missouri,  Archaean  rocks  in,  62. 
Mocking  bird,  477. 
Modified  drift,  267. 
Modiolopsis,  155,  192. 

plana,  156. 
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Modiolopsis  recta,  193. 
Modiomorpha  concentrica,  205. 
Moles.  483. 
Mollusks,  of  Gralena  epoch,  16d-8. 

of  Niagara  epoch,  184. 

of  Potsdam  epoch,  126-7,  184 

of  Trenton  epoch,  154-9. 
Molten  interior  of  earth,  53. 
Monkeys,  343. 
Montello  granite,  665. 
Monticulipora  attritos,  173. 

briareus,  173. 

Dalei,  158. 

discoideuB,  158. 

fusiformis,  173. 

lycoperdon,  158. 

rectangularis,  173. 

rugosa,  173. 
Moose,  487. 
Moose  bird,  556. 
Moraine,   Kettle,   375-383.     See    also 

Kettle  Moraine. 
Moraines,  interlobate,  376. 

intermediate,  376. 

secondary,  283. 

terminal,  365. 
Morse,  Prof.  E.  S.,  184 
Mosinee  Hills,  353. 
Mounds,  359,  298. 
Mountain-making,  Jurassic,  387. 

Tertiary,  345-6. 
Mourning  warbler,  508. 
Moths,  409-431. 
Mud  cracks,  48,  173. 
Mud  creek,  197. 
Mud  puppies,  426. 
MurcnisoDia  bellicincta,  168. 

Boydi,  198. 

Conradi,  198. 

gracilis,  156,  157. 

helicteres,  157. 

macrospira,  198. 

major,  167-9. 

pagoda,  157. 
Muscovite,  14,  837. 
Mustard  seed  ore,  181. 
Myriopods,  230. 
Mystnosaurus  Tiedmanni,  334. 

N. 

NashviUe  warbler,  500. 

Native  elements  of  earth's  crust,  6. 

Native  waters,  analyses  of,  807-8. 

Natrolite,  838. 

NebulsB,  testimony  as  to  origin  of  earth, 

48. 
Nebular  hypothesis,  50. 
Nebulous  stage  of  earth,  50-3. 
Negaiinee  mine,  805, 
Ne&on's  finch,  587. 
Neolithic  age,  800. 
Neuropteria  flezuosa,  316. 

hirsuta,  316. 

polvmorpha,  304. 
Neutral  rocks,  19,  30,  5a 
Newberry,  Prof.  J.  S.,  181,  300, 


Niagara  epoch,  181-196. 

coral  reefs  of,  188-6. 

life  of,  184,  186,  188-106. 
fauna,  195. 
Kmestone,  183-196,  307,  667,  675. 

chert  in,  187,  18a 

corals  of,  188-6. 

correlation  of,  181-3. 

distribution  of,  196. 

former  extent  of,  359,  360. 

lime  from,  675. 

subdivisions  of,  183,  187-8. 

thickness  of,  188. 
period,  178-196. 
Niccolite,  8ia 
Night  hawk,  568,  564. 
Night- jar,  568,  664. 
Noctuid8B  of  Wisconsin,  416t 
Nordenskjold,  49. 
NoBite,  345. 
Northern  shrike,  636. 
Norway  mine,  805. 
Novaculite,  90. 
Nummulina  laevigata,  346. 
Nuthatches,  485-7. 

white-bellied,  485-6. 
red-bellied,  485,  487. 

0. 

Obolella  polita,  137. 
Obolus  Conradi,  193. 
Ocean  basins,  60,  61. 

cause  of  salinity,  67. 

formations  of,  59,  60. 

former  extent  of,  60. 

primitive  character  of,  60. 
Oceanic  precipitation  of  copper,  lid. 
Odontomithes,  380. 
Oldhamia,  15a 
Oli^oclase,  8,  14. 
Olive-backed  thrush,  475. 
Olivine,  14,  26,  49,  824. 
Olivine-diabase,  843. 
Olivine-gabbro,  844. 
Oncoceras  brevicurvatum,  169. 

mumiaformis,  159. 

Orcas,  194. 

Pandion,  159. 
Oneida  conglomerate,  178, 170. 
Opadte,  29. 
"Openings,"  689. 
OphUeta,  140,  143. 

primordialis,  136. 
Opossum,  440. 

Orange-crowned  warbler,  498,  601. 
Orchard  oriole,  550. 
Ordovician  age,  145-177. 
Ore  deposits  of  Southern  Wisconsin, 

115,  637-655,  660. 
Ores,  dressing  and  separating,  649. 
Organic  acids,  10. 
Organic  rocks,  16. 
Organic  substances,  chemical  action  of, 

10-13. 
Origin  of  earth,  46. 
Origin  of  Great  Lakes,  2S8,  301. 


(MlUMWM,  19S. 


Or«n  Ufda,  4»,  4S8. 

Orifak,  40. 

Owen,  Dr.  D.  D.,  103. 

Owls,  450.  455.  G78-6SS. 

Acadian,  683. 

barn,  578. 

barred,  581. 

great  giej,  680. 

great  nomed,  679. 

sreat  white,  581. 

long  eared,  680, 

mottled,  680. 

Richardson's,  683. 

screech,  580. 
OxidatiOD,  9. 
Ozidee,  0,  8. 
Oxygen,  6. 

P. 
Painted  lark  bunting,  636. 
PalteaciMea  Irvingi,  129. 
Palaeocordia,  135. 
Palaeolithic  era,  300. 
PalsoDcilo  nuculifarmiB,  205. 
Palffiontology.  lint,  382-375. 
Palseophycus  duplex,  186. 

[>liimoBUS,  135, 196. 

Bimplex,  196. 


atnngi,U«, 
pHnphrz  Sneaia,  SSL 


FMMkw  Ctap,  ban  on  ■■»  lOBL 
.    boa  nags,  ait  m^  nir-tfk 


PMrificatkn,  Itt 
FMriOed  moi^  81. 

PewBDkee  rocte,  UT. 
Pnraea,  Sa,BB»,tM,WL 
FhMcm  rank,  nB. 
FtMlaropwTwt 
FbuHnHmtaUiiMb  >UL 
FbcBbaUid,nOL 


Phra 


192. 


;oyi,  194. 
Pigeons,  G81. 
Pine  bluff,  121. 
Pine  grosljeak,  533. 
Pine  Dnnet,  634. 
Pine-creeping  warbler,  506b 
Pipestone,  32,  87,  666. 

of  B^Ton  county,  253. 
Pipit,  493. 

Plagioclase  feldspar,  25. 
in  basaltic  rock,  35. 
diorite,  87. 
gabbro,  36. 


Devc 


1,  204. 


Hamilton,  204. 

Hudson  river,  176. 

Jurassic,  233,  234,  386. 

Nia^ra,  189. 

of  Wisconsin,  list  of,  87&-SttS. 

Potsdam,  136. 
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Plants,  Quaternary,  285. 
Tertiary,  240. 
Trenton,  152. 
Plasticity  of  ice,  264-8. 

of   rock   under   pressure,  53,   73, 
77-8. 
Platephemera  antiqua,  204. 
Platte  Mounds,  259. 
Platyceras  primordialis,  126. 
Plesiosaurus,  225. 
Pleurocystites  squamosus,  154 
Pleurotomaria  advena,  126. 
Halei,  192. 
Hoyi,  192,  193. 
Laphami,  192,  193. 
perlata,  193. 
subconica,  156,  157. 
Pliosaurus,  224. 
Plovers,  592-3,  598. 

Polyps,  Potsdam,  134.    See  also  Corals. 
Porcupines,  440. 
Porphyritic  diabase,  28. 
Porphyry,  17,  27,  33,  349,  350. 
as  building  stone,  665-6. 
in  Keweenawan  conglomerate,  98. 
Portland  quartzite,  121,  666. 
Post-glacial  depression,  287. 
Potash,  6,  7. 
Potash  kettles,  277. 
mica,  327. 
salts,  69. 
Potassium,  6. 
Pot  holes,  277. 
Potsdam  epoch,  119-138. 
life  of,  124-136. 
geography,  119,  121. 
islands,  121. 
life,  diversity  of,  135. 
limestone,  121. 

sandstone,  105,  119-138,  207,  667. 
bedding  of,  122. 
color,  122. 
composition,  120-1. 
distinctness  from  Keweenaw- 
an, 122. 
distribution,  137. 
former  extent  of,  260. 
fossil  tracks  in,  131-133. 
glauconite  in,  122,  686. 
utholo^cal  characteristics  136. 
succession  of  beds,  121. 
thickness  of,  119, 137. 
Pottery  clays,  678. 
Prairie  chickens,  457. 
hen,  591. 
warblers,  506. 
Prairie  du  Chien  well,  253. 
Preglacial  erosion  in  Lake   Michigan 
basin,  253-7. 
topography,  269,  270. 
Pre-Laurentian  history,  45-68. 
Prehnite,  333. 
Pressure-plastic,  63,  54. 
Primitive  crustj  53-9. 

land,  61. 
Primordial  group,  143* 
Prochlorite,  836. 


Proctor,  Richard,  49 
Productus,  205. 
Productus  Nebrascensis,  219. 
Propylite,  101,  246. 
Prototaxites  Logani,  204. 
Protozoans,  Niagara,  189. 
Pseudamygdaloidal  rocks,  27, 
Pseudamygdules,  107. 
Pseudomorphic  rocks,  15,  16. 
Pseudomorphism,  42. 
Psilophyton  princeps,  204. 
Psychozoic  era,  299,  300. 
Ptarmiean,  592. 
Pteraspis,  203. 
Pterichthys,  202. 
Pterinea  aviculoidea,  198. 

brisa,  192. 

demissa,  174. 
Pterodactyle,  225,  226. 

recta,  153. 
Pteropods,  Trenton,  157, 
Pterotheca  attenuata,  157,  158. 
Ptychaspis,  131. 

minuta,  130. 
Puddingstone,  17. 
Pumpelly,  Prof,  Raphael,  26,  114,  309, 

328. 
Pupa  vestula,  219. 
Pure  limestone,  676. 
Purple  finch,  533. 

grackles,  544,  546,  551. 

martins,  513,  517. 
Pyrenees,  246. 

Pyrite,  14,  313.    See  also  Iron  Pyrites. 
Pyrolusite,  90,  317. 

Pyroxene,   14,   820.      See  also  Augits 
and  Diallage. 

in  basaltic  rocks,  25. 
Pyrrhotite,  49. 

Q. 

Quarry  rock,  151. 
Quails,  457,  592. 
Quartz,  818-9. 

abundance  of,  14. 

grains,  anp^larity  of,  148. 

microscopic  character  of,  318-9. 
Quartz-diorite,  304. 
Quartz-porphyry,  28,  87,  121,  262. 
Quartz-schist,  82,  356-7. 
Quartz-syenite,  40. 
Quartzite,  23,  24,  856-7. 

as  building  stone,  666. 

Baraboo,  87,  90, 121. 

distribution  of,  666. 

Huronian,  82,  87. 

of  Central  Wisconsin,  121,  666. 

of  Menominee  region,  252. 

of  Portland,  121. 
Quartzless  porphyry,  377 
Quaternary  age,  161-298, 

climate  of,  261. 

life  history,  295-8. 

subdivisions  of,  261. 
Quebec  group,  208. 
Quinnesec  mine,  305. 
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W                                      B. 

Romkiger.  Dr..  98,  133. 

Bose-broBiited  KTosbeak,  .M3. 
Rotation,  siguifiuince  of,  48. 

^■^^_    Babbits.  440. 

^^^^K  Boccoon.  29S,  457. 

origin  of,  30. 

^^^BAacine  beds.  182. 

Rough-winged  swallow,  616. 

^^^■%i[diat«B.  PoUdam,  120.  134. 

Boby.  6. 

^^^V  BaiU.  e03. 

Ruby-cTOwned  kinglet,  481. 4S8, 

■^^  BainfaU  and  artesian  wells,  695. 

RuBty  gracklea,  544,  640,  561.  " 
Rutile,  31C. 

^■1             BsphiBtoma.  140. 

■                       lenUculaiia.  150,  157. 

■                          Nasoni.  150,  157. 

8. 

■                 Baven,  &53. 

■  fieceptaculites.  189. 

■  <5weni,  166-7.  169. 

Saccocoma  pectinata,  288. 

SaKinaw  glacier,  373. 
Bablite,  322. 

■                 B«d  Fopper  ok.  S14,  650. 

^L                     clay.  292,  293,  069. 

Salamanders  of  Wisconsin,  436. 

^^^^           crosBbill,  531. 

Salina  epoch,  178,  196,  308. 

Salisbn^,  R.  D..  303. 
Salt,  Sit 

^^^H        Iroa  ore,  814-G. 

^^^^^M        poll,  Am»Tic»n,  G84. 

8alt#rella.  142. 

^^^F          poll  linnet.  5U4. 

Banderling.  597. 

^^^            rock,  140. 

SsndhiU  crane.  599. 

Red-bellied  nuthatchea,  485.  4S7. 

Sandpipers.  Baird's,  590. 
buS-breasled.  598. 

Red-eyed  groenlet,  520.  521-2. 

Red-headed  woodpecker.  S79-7. 

least,  286. 

Redawrt,  49J,  496.  40S,  509. 

pectoral,  598. 

Reduction  of  lead  and  zinc  oree,  S5S-S. 

purple.  590, 
redSfreasted,  597. 

Red-winired  blackbird,    453.  644,  640, 

C4S. 

Beed-bird.  540. 

spotted,  598, 

stilt.  595. 

Reptiles,  Carboniferous,  218.  S», 

development  or,  226-330. 

Sand  rock,  17,  28,  670. 

Mesozoic.  224^30. 

Sandstone,  17,  23.  300.  301.  fl«7. 

EeptUes  of  Wisconsin.  423-5. 

angularity  ot  grains.  148. 

ReptiUau  age,  223-238. 

as  a  building  stone,  S67. 

dJsturlmnce  during,  237-S. 

chemical  analysis  of.  304. 

life  of,  334-237, 

Kew«-nawan,  S3. 

subdivisions  of,  2S3. 

lAke  Superior.  123. 
Lower  ^goesian,  140. 

Reptilian  birda,  328.  229,  230. 

Residual  clays,  92. 

Mauiwn,  {22. 

RhizojKKis,  234-6, 

Potsdam,  134. 
Rhynchonella  capax.  155. 

Anticostensis,  174. 
Rbyolit«,  101,  210. 
Rib  bills,  25<i. 
Rice  bird,  510. 

Richtnoten,  Baron  von,  53.  66,  101. 
Rigidity  of  earth,  53. 

of  rock,  78. 
Rill  marks,  43,  08. 
Ringneck.  693. 
Sipidolite.  885. 
Ripple  marks,  43,  68,  90. 
Roasting  ores.  052-4. 
Robert's  quarry,  178. 
Robin,  409,  47i),  471.  472-4. 

food  of  young,  453. 
Rogk  nver  valley.  358. 

drift  of.  284. 
Rock  terraces,  294. 
Rocks,  classificatjou  of.  15-39,  31-4. 

constitution  of.  14. 

fonuftd  iif  minerals,  18, 

oldest  kuovvn,  40. 
Rolling  mill.  014. 


Potsdam,  119-138. 

St.  Peters.  145-150. 

soils  from,  079. 

source  of  artesian  flows,  090-1. 
Sandy  mockingbird,  iTl. 
Saponite,  385. 
Sapphire,  184. 
Satellites,  origin  of.  01. 


Saurians,  335-0. 

Savanna  sparrows,  538,  680,  638. 

SctBTogyra  elevata,  142. 

elongata.  142. 

obliqua,  142. 

Swezeyi,  143. 
Scapbites  (equalis,  385, 
Soapolite.  337. 
Scarlet  tanager.  Oil. 
Schistose  rocks,  17,  810,  850-9. 
Schists,  IS. 

Schoharie  sandstone.  309. 
ScolitbuB,  127. 
Scorpions,  220. 
ScratctieB,  glacial,  367.    See  also  Stria* 
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Seaweed,  Keweenawan,  103. 
Secjondarv  moraines,  283. 
Second  glacial  epoch,  271-391. 
Sedimentary  rocKs,  composition  of,  67. 
Sedimentation,  81. 

effect  on  subsidence,  69,  105. 

'Of  Keweenawan  period,  96. 

principle  of,  87 
Sediments,  67-8. 

chemical,  67. 

mechanical,  67. 
Selwyn,  Dr.,  89. 
Semi-crystalline  rocks,  27-9. 
Sericite,  14,  885. 
Sericitio  schist,  35,  804,  854. 
Serpentine,  804,  834,  884. 
Serpents  of  Wisconsin,  list  of,  428-^. 
Serpulites  Murchisoni,  136. 
Shale,  17,  33,  861. 
Shale,  origin  of,  18. 
Shales,  Keweenawan,  99,  103. 
Shell  marl,  686. 
Shooting  stars,  51. 
Shore  lark,  493. 

Short-billed  marsh  wren,  489,  491. 
Shot  ore,  1 80.  See  also  Clinton  Iron  Ore. 
Shrews,  438. 
Shrikes,  534-7. 

Sierra  Nevada  Mountains,  age  of,  337. 
SigiUaria  Halli,  304. 
Sigillarids,  315,  317,  318,  334. 
Sinca,  6,  7, 11,  30.    See  also  Quartz. 

in  brick  clay,  668-9. 

in  Lower  Magnesian  limestone,  140. 

with  iron  ores,  661. 
Silicates,  7,  8. 
Silicification,  43. 
Silicified  fossils,  186,  18a 
Silicious  rock,  19. 
Silicon,  6. 
SUt,  17. 
Silurian  age,  close  of,  199. 

Lower,  145-177. 

Upper,  178-300. 

formation,  equivalents  of,  300. 
Silver,  ^,  103,  107,  310. 

and  copper,  110,  114. 

economic  suggestions  concerning, 
661. 

in  ^enite,  637. 

in  Ontonagon  region,  114,  661. 

ores  in  Wisconsin,  601. 
"  Smks,"  377. 

in  Lead  region,  647. 
Sinsinawa  Mound,  359. 
Sivatherium  giganteum,  345. 
Skunks,  437. 
Slate,  origin  of,  18. 
Slaty  cleavage,  18. 

structure  of  iron  ores,  616. 
Smelting  furnaces,  614. 
Smithsonite,  9,  14,  838. 

changed  to  blende,  640. 

wasting  of,  643. 
Snakes  of  Wisconsin,  food  of,  444. 

list  of,  433-5. 
Snipes,  453,  59&-9. 
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Snipes,  American,  595. 

jack,  596. 

red-breasted,  595* 

robin,  597. 

stone,  597. 
Snowbird,  winter,  588. 
Snow  bunting,  585. 
Snowflake,  535. 
Soda,  6,  7,  88. 
Soda-lime  feldspar,  8. 
Sodium,  6. 

carbonate,  4. 
Soil,  formation  of,  394,  395. 
Soils,  analyses  of,  807. 
Soils  and  subsoils,  678-88. 

effect  of  drainage  on,  684. 
of  glaciers  on,  680. 

humus,  683. 

map  of,  687.  ^ 

natural  fertilizers,  685-7. 
apatite,  687. 
glauconite,  686. 
gypsum,  686. 
lime,  687. 
peat,  685. 
shell-marl,  686. 

origin  of,  678. 

from  crystalline  rocks,  680. 

from  drift,  680-1. 

from  limestone,  679. 

from  sandstone,  679. 

from  shale,  680. 

reproduction  of,  684. 

waste  of,  683. 
Solar  system,  testimony  of  as  to  origin 

of  earth,  48. 
Solitaiy  greenlet,  533. 

vireo,  523. 
Solubility  of  rock  substance,  10. 
Somtion,"  10. 
Song  sparrow,  538. 
Sparrow,  shipping,  539,  581,  569. 

clay-colored,  539,  583,  589. 

English,  448,  540. 

field,  529,  581,  639. 

fox-colored,  539,  533,  541. 

Savanna,  536. 

song,  528,  531,  588. 

swamp,  528,  531,  537. 

tree,  529,  538. 

white-crowned,  540. 

white-throated,  529,  583,  540. 

yellow-winged,  536. 
Sparrows,  food  of  young,  453. 
Specific  gravity  of  earth,  54 

of  surface  rocks,  54. 
Specular  iron  ore,  82,  85,  814-5.  617. 
Sphenopteris  Gravenhorsti,  216. 
SphsBrcxochus  Romiugeri,  194,  195. 
Sphalerite,  9,  14,  312. 

origin  of,  11. 
Sphene,  333. 
Sphingidse,  409. 
Spiders,  330. 
Spirifera,  190,  305. 

aspera,  305. 

angusta,  305. 


Spirifera  meta,  192. 

nobilia,  192. 

pennata,  SOS. 
Sponge  (fussilj,  IBS. 
Spring  waters,  analyBes  of,  8M-8> 
Bquirrela,  439. 

food  of,  443-4. 
Stalactites,  23. 


Star  coral,  189. 
Starflah,  181. 
StarlingB,  M3-SS3. 
Stars,  liglit  of,  47, 
StsTirolite,  833. 
St  Croix  Falla,  188. 
valley,  i 


Steph 


genuniformls,  lOL 


Stiotopora  elegantula,  1S8. 

fragllii,  178. 
Stilbitfl,  388. 
Stilt,  red-necked,  B9i. 
Stone  Age,  800. 
Stone  implements.  3S8. 
Stone  lilies,  126.  163. 
Stone,  Mr.  R.  K,  129. 
StoDj  clavii,  293. 
St.  PeteiB  sandstone.  145-160,  MT,  667. 

angularity  of  grains,  148. 

oompoeition  o^  145. 

distnbation,  149,  160. 

extent  of,  148. 

iron  in,  148. 

life  of,  14R-7. 

lithological  character  of,  146-0. 

method  of  formation,  147. 

ripple-marks  on,  146. 

Btrati  graphical  poaitlonof,  149,  100, 

thickacsB  of,  145,  146. 
StraparoUuB,  142. 
Stratification,  18. 
Stratified  drift,  266-7,  379. 
Streptelasma  comiculum,  153,  158. 
Streptoiynchua  deflectum,  156. 

deltoideum,  155. 

fllitextum,  156. 
StriatioD,  glacial,  265,  267,  388. 

of  ice-twrgs,  267, 
floes,  363. 

significance  of,  374. 
Strike,  44. 
Stromatopora,  143, 
Strombodea  concentrica,  190. 

gracilis,  190. 
Stronp,  Moses,  436. 
Stropuodonta  demissa,  305. 
Strophomena,  190. 

altemata.  165. 


Subaqueous  dyposits,  292. 
SMb-Carbonifetous  period,  318,  SI4. 
Subsidence,  cause  of,  69,  105, 

of  Huronian  strata,  106. 

of  Kewcenawan  period,  96. 
.'^iiljulites  elongatus,  157, 

ventricosus,  193. 
Sulphates,  8. 


Snlphates,  derived  from  nilpliit 
Snlphidea,  6,  8. 

changed  to  solphates,  9. 
Sulphur,  6,  813. 

steel  and  wroag 


eso. 


inii 


nores,  680. 


Snn-o 

"  Sunflower  coral,"  166. 

Snn,  t«etimonT  SB  to  origin  (rf  fl 

Superior  sea,  81. 

Surface  indications  of  Ii^n  ore 

SwaUowB,  513-7. 

bank,  516. 

bam,  518,  514-5, 

eave,  613,  516. 

purple  nuutins,  518,  617. 

rough-winged,  516,  SIT. 

white-bellied,  613,  618,  Blft 
Sweet,  E.  T.,  133,  808. 
Swezey,  O.  D.,  876. 
Swifts,  686. 
Syenite,  34,  40,  84& 
Syenitic  rock,  origin  of,  T4k 

echiat,  25. 
Sylvias,  480-2. 

Synclinal,  Lake  Siqmrior,  109^ 
Synclines,  44. 
Syringopora,  189. 

compocta,  190. 

Dalmani,  19a 

retiformia,  190; 

verticiUata,  190,  . 


Tabulation  of  birde'  food,  tK- 
Talc,  883,  834. 

schist,  356. 
Tanagers,  510-513. 
Tangential  pressure,  70,  77, 
TatUet,  697. 

Bartramian,  598. 
■ater,  697. 


great 


691. 


palmated,  S97* 

soUt^y,  598. 

spotted,  698. 
Tawny  thrush,  476. 
Tavcheedah,  3& 
Telioste,  230. 
Tellinomya,  156. 

nasuta,  ISO. 

ventricosa,  168. 
Tennessee  warblers,  404^  4M,  I 
Tent  caterpillani,  456. 
Terminal  moraine,  T~' 
Terrace  epoch,  361. 
Terraces,  rock,  294. 
Terrane,  42. 
Tertiary  age,  339-247. 

chmale  of,  26]. 

disturbances  during,  S46-J 

eruptions,  246,  247. 

lacustrine  deposition  oC  9 

life  of,  240-5.  .  ^ 
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Tertiary  igneous  rocks,  66,  O^f. 
Tests  for  copper,  657. 

for  pure  limestone,  674. 
Tetrahedrite,  814,  656. 
Texas,  Archasan  rocks  in,  62. 
Thalite,  835. 
Theca  primordialis,  126. 
Thistle-bird,  528,  530,  585. 
Thrasher,  478. 
Thrushes,  469-78. 

Alice*8,  475. 

brown,  478. 

eastern  hermit,  475. 

food  of,  470-2. 
of  young,  458. 

golden  crowned,  507. 

gray-cheeked,  475. 

olive-backed,  475,  476. 

tawny,  476,  477. 

water,  507. 

Wilson's,  476,  477. 

wood,  474,  475. 
Tidal  action,  168. 
Tiff,  640. 
TiU,  17,  266,  288. 
TUlodonts,  242,  244. 
Titsuiic  iron  ore,  315. 
Titanite,  832. 
Titlark,  498. 
Titmouse,  488-4. 
Toads  of  Wisconsin,  425. 
Topographical  features  due  to  erosion, 
250. 
of  Wisconsin,  249. 

relations  of  moraines,  880. 
Topographer  of  moraines,  277. 

pre^lacial,  269. 
Tourmaline,  881. 
Trachyte,  21,  101,  246. 
TraUl's  flycatcher,  557,  658,  662. 
Transportation  by  glaciers,  266,  280. 

of  detritus,  67. 
Trap  rock,  84. 
Tree  ferns,  287. 
Tree  sparrow,  588. 
Tree  toads  of  Wisconsin,  426. 
Trematospira,  205. 
Tremolite,  323. 
Trenton  epoch,  151-166. 
Hfe  of,  152-162. 

limestone,  145,  151-165,  207. 
copper  in,  151,  660. 
distribution  of,  164-5. 
former  extent  of,  260. 
fossils  of,  152-162. 
lead  in,  151,  687. 
metallic  contents,  168-4,  660. 
subordinate  divisions  of,  168. 
zinc  in,  151,  687. 
Trenton  period,  150-176. 
Triarthrella,  131. 
Triassic  period,  228. 

life  of,  281. 
Trichites,  29. 
Trilobites,  Carboniferous,  220. 

eyes  of,  181. 

Hamilton,  205. 


Trilobites,  Hudson  river,  178. 

locomotion  of,  129,  180. 

Lower  Magnesian,  142. 

Niagara,  184,  192,  195,  196. 

Potsdam,  128-181, 184. 

Trenton,  160-1. 
Triplesia  primordialis,  127 
Trochocerae  costatum,  194. 
Trochonema  Beachi,  157. 

umbilicatum,  156. 
Tuditanus  radiatvs,  219. 
Turgite,  817. 
Turkey  buzzard,  689. 
Turnstone,  594. 
Turrulitee  catenatus,  285. 
Turtles  of  Wisconsin,  list  of,  422-8. 
ivnidall,248. 

U- 

Unoonfonnitf ,  44. 
Underground  drainage,  684. 
Unstr^ified  rocks,  18,  19. 
Upheaval,  Huronian,  89. 

Laurentian,  72-8. 
Upper  Blue  limestone,  168. 

Buff  limestone,  168. 

ooral  beds,  182,  187,  196. 

pipe  clay,  168. 
Upper  Silurian  age,  178-200. 

subdivisions  of,  178. 
Uralite,  821. 

origm  of,  16,  27,  107. 
Uralitic  diabase,  848. 

gabbro,  845. 
Utica  shale,  170. 

T. 

VaUey  drift,  284r^. 

of  the  Mississippi,  252-0. 
Yanhise,  C.  R.,  880. 
Veery,  476. 
Vegetation,  Carboniferous,  214-8. 

Devonian,  204. 

influence  on  erosion,  1251. 

interKlacial,  285. 

Potsdam,  125. 

Reptilian,  238-5. 
Veins,  48,  77,  639, 640. 

of  copper,  102,  658. 

richness  below,  658 
Viescher  glacier,  262. 
Vertebrates,  Carboniferous,  220. 

cold-blooded,  of  Wisconaiz^  422-486. 

Devonian,  202. 
Vireos,  520-8. 
Viridite,  886. 

origin  of,  26,  29, 107. 
Vital  chemistry,  11. 
Vitriol,  iron,  887. 

Volcanic  action  affected  by  erosion, 
105. 
seat  of,  55. 
theory  of,  108-5. 

eruptions,  origin  of,  58,  66,  67,  104. 

rocKS,  54. 

source  of,  56. 


Wad.  318. 

Wadaworth.  Dr.  M.  E.,  105, 183. 

Waet&O,  4!I8. 

WahEiitcIi  mouulAins,  236. 

Waloott.  Mr.  C.  D..  131.  135. 

Warblors,  American,  4aa-«10. 

autDmntil,  fKM, 

bay.brenBted.  4S5,  497,  601. 

Uack  and  wEiite  cre^pioK,  403,  404, 
4M,  499. 

Llat-k  aad  yeUow,  195,  407.  005. 

Blackburman.  003. 

bluck  capped  fljcatching,  S09. 

black-m»Tked  ground.  009. 

black  poll,  504. 

black-throated  blue.  494, 407. 503. 

black-throated  greeo.  401,  490,  503. 

blue-eyed  yellow,  50a. 

blue  golden-winged,  500. 

blue  yellow-bucked,  500. 

Cape  May,  SOS. 

cceruleau,  503. 

cbestout,  195.  40S.  505. 

Connecticut,  007. 

golden,  603. 

Bomlock.  4»1.  4»T.  503. 

hooded  flycatulimg,  009. 

Kentucky,  50S. 


NasbTtUe,  500. 
ortmee-crotvned.  493,  501. 
palm,  195,  498,  60tt. 


prairie,  006. 

Tennessep.  494,  406.  501. 

worm -eating,  500. 

yeUow-rumpod,  194.  407,  603 

yellow-throat«d  gray.  .MW. 
Warbling  greeolot,  0.>0.  521,  GHZ. 

vireo,  620,  531.  533. 
Warner,  C.  C,  187. 
Warping  ot  strata,  202. 
"  Waspa'-nest  "  coral,  152. 
Waste  of  soil,  OSit. 
Water  in  minea,  (MS-5. 
Waters,  native,  cbomical  analysis  of, 

807-8. 
Water  thrush.  607. 

w^tniL  495,  498,  507. 
Watsccwiuse  mountain,  252. 
Waubakw,  197. 
Waukesha,  198. 

beds,  183,  187. 
Wauwatosa,  184,  198. 
Waxwiiigs,  518. 
Weasfls,  43ft-7. 
Weight  of  earth,  54. 
Wella,  artesian.     See  Artesian  Wells, 


-701. 


Western  meadow-lark.  650. 
WhippooTwill.  563,  564. 
White-bellied  nuthatches,  4fi5.  488. 
BwallowB,  612,  513,  615-6, 
crane.  599. 

Crowned  sparrow,  540. 
White-eyed  ereeulet,  023. 

vireo,  638. 
White-headed  eagle,  588. 
White  iron  pyrites,  814. 

lead  ore.  886. 
White-rumped  shrike,  534,  535,  638. 
throated  sparrow,  5S0,  533,  540. 
winged  crossbill,  531. 
Whitaeld,  Professor  R.  P.,  1S8,  8B2. 
Whitney,  Professor  J.  D.,  123. 
Whooping  crane,  509. 
Wichmann,  A.,  331,  B81. 
Widgeons,  605. 
Wildoato  of  Wisoonain,  48«. 
Willet.  589. 

Wilson's  thrush,  476,  477. 
WmcheU,  102,  300. 
Wind,  effect  of  on  soil,  6881 
Winter  snowbird,  638. 

wren.  489,  491. 
Wmthropmine,  805. 
Wisconsin  birds.  441. 

eartieat  land  of.  64. 
Wisconsin  riTer,  preglaotal  course  of, 

284. 
Wolf.  298. 
WoUaatonite,  7. 
WolTea  of  Wisconsin,  430. 
Woodchucks,  410. 
Woodcock,  American,  595. 
Wood  ibie,  599. 
Wood.  J.  W..  197. 
Woodpeckere,  570-8. 

bandeti  three-toed,  574. 
black-backed  three-toed,  572,  574. 
downy,  670.  571,  574. 
goldeji- winged,  571,  573,  577, 
hairy.  570,  572,  573. 
pilealed.  570.  571,  678. 
red-bellied,  678. 
red-headed,  571,  572,  578,  677. 
yellow-belUed,  5TI,  573,  674. 
Wood  pewee,  557,  558,  561. 

food  of  Toung,  468. 
Wood  thrush,  470. 174. 
Worm- eating  warblera,  600. 
Wrens,  488-493. 
Wright,  C.  E.,  834. 

X. 

Xylobiua  sigillariiB,  219. 


mped  warblers,  4W,  407,  503 


INDEX. 


25 


Yellow-throated  ^eenlet,  520,  521,  523. 
gray  warbler,  506. 
vireo,  520,  521,  528. 
winged  sparrow,  586. 

z. 

Zamia  spiralis,  286. 
iZaphrentes,  189. 
Zeuglodon,  242. 


Zigospira  recurvirosta,  155. 
Zinc  blende,  812,  641. 

carbonate,  9,  10.    See  Smithsonite. 
ores,  641-2.    See  Sphalerite,  Smitli- 
sonite  and  Calamine, 
origin  of,  11. 
reduction  of,  654. 
sulphide,  9.    See  Sphalerite. 
Zircon,  825. 
Zygospira  modesta,  174. 
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